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Description 

[0001 ] The present invention relates to a process for preparing an optically active alcohol and a process for preparing 
an optically active amine. 

s [0002] As a process for preparing an optically active alcohol, for example, there is known a process comprising 
reacting an optically active p-aminoalcohol and a borane in an amount of two moles per one mole of said aminoalcohol, 
and then reacting a prochiral ketone in an amount of 0.8 mole per one mole of said aminoalcohol with a reaction product 
(see, for example, J. Chem. Soc. PERKIN TRANS. L, 2039 (1985)). 

[0003] However, this process has a drawback that a large amount of the expensive borane should be used. 

10 [0004] To solve such drawback, JP-A-7-1 09231 discloses a process for preparing an optically active alcohol using 
a metal borohydride which is cheap and easily available in an industrial scale, that is, a process comprising reacting 
a mixture of a 2-substituted oxazaborolidine having substituents on a boron atom and a metal borohydride with an 
acid, and then reacting a prochiral ketone with a reaction product to obtain an optically active alcohol. But, an optical 
purity of the produced optically active alcohol is unsatisfactory, and further improvement of the process has been 

15 desired. 

[0005] As a process for preparing an optically active amine, there is proposed a process comprising reacting an 
optically active p-aminoalcohol with a borane, and then reacting a syn or anti-form of an oxime derivative with a reaction 
product, whereby an optically active amine having a desired absolute configuration is prepared (see JP-A-63-99041 
and Tetrahedron Lett., 29223 (1988). 
20 [0006] However, this process has a drawback that a large amoutn of an expensive borane should be used. 

[0007] To solve such drawback, JP-A-2-31 1 446 and JP-A-5-91 58 disclose a process for preparing an optically active 
amine using a metal borohydride which is cheap and easily available in an industrial scale, that is, a process comprising 
reacting an optically active p-aminoalcohol with a metal borohydride and an acid, and then reacting an oxime derivative 
with a reaction product. 

25 [0008] J. Chem. Soc. Perkin Trans., 1 , 1 989, pp 1 548-49 investigates on hydride agents formed by combining Lewis 
acids with NaBH 4 in the reduction of ketoxime O-alkyl ethers to the corresponding optically active primary amines in 
the presence of chiral amino alcohols. 

[0009] An object of the present invention is to provide a process for preparing an optically active alcohol having an 
increased optical purity effectively even in an industrial scale while reducing an amount of a used metal borohydride 
30 or boron hydride as a hydrogen source. 

[0010] Another object of the present invention is to provide a process for preparing an optically active amine having 
an increased optical purity effectively even in an industrial scale while reducing an amount of a used metal borohydride 
or boron hydride as a hydrogen source. 

[0011] According to a first aspect of the present invention, there is provided a process for preparing an optically 
35 active alcohol comprising reacting a prochiral ketone which corresponds to the optically active alcohol and an acid with 
a mixture which comprises 

(1) a boron-containing compound selected from the group consisting of 

to j) a borane compound which is obtained from an optically active p-aminoalcohol of the formula (I): 



(i) 



50 

wherein R 1 is a hydrogen atom, a lower alky I group or an aralkyl group which may have at least one substituent, 
R 2 , R 3 , R 4 and R 5 represent independently each other a hydrogen atom, a lower alkyl group, an aryl group 
which may have at least one substituent, or an aralkyl group which may have a substituent, provided that R 4 
and R 5 are different, that R 1 and R 5 may together form a lower alkylene group, or that R 3 and R 4 may together 
55 form a lower alkylene group which may have optionally asubstituent or with which a benzene ring is condensed, 

and * stands for an asymmetric carbon atom, and a boron hydride; or obtained from said optically active p- 
aminoalcohol (I), a metal borohydride and an acid wherein the amount of the optically active p-aminoalcohol 
(I) is from 0.005 to 0.5 mole per mole of the prochiral ketone, and 
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ii) an optically active oxazaborolidine of the formula (II): 



R 3 R 4 

R2 / *N R \ (li) 

% 

wherein R 1 , R 2 , R 3 , R 4 , R 5 and * are the same as defined above, and R 6 is a hydrogen atom, a halogen atom, 
an alkyl group which may be substituted by at least one halogen atom, an aryl group which may have at least 
one substituent or an aralkyl group which may have at least one substituent, 

and 

(2) a metal borohydride. 

[001 2] According to a second aspect of the present invention, there is provided a process for preparing an optically 
20 active amine of the formula: (1 1 1): 

R7 

\ 

25 C*H-NH 2 (III) 

/ 

R8 

30 wherein R 7 and R 8 are different and represent an alkyl group which may have at least one substituent, an aryl group 
which may have at least one substituent or an aralkyl group which may have at least one substituent, or R 7 and R 8 
form, together with the carbon atom bonded to the amino group, a ring or condensed ring which may have a hetero 
atom, and * is the same as defined above comprising reacting an oxime derivative of the formula (IV): 

35 

R7 

\ 

C=N-OR9 (IV) 

/ 

R8 

wherein R 7 and R 8 are the same as defined above, and R 9 is an alkyl group, an aralkyl group or an alkyl-substituted 
silyl group and an acid with a mixture which comprises 

(1) a boron-containing compound selected from the group consisting of 

i) a borane compound which is obtained from an optically active p-aminoalcohol of the formula (I) and a boron 
hydride, or obtained from said optically active p-aminoalcohol (I), a metal borohydride and an acid wherein the 
amount of the optically active p-aminoalcohol (I) is from 0.01 to 0.9 mole per mole of the oxime derivative (IV), and 

ii) an optically active oxazaborolidine of the formula (II) and (2) a metal borohydride. 
[0013] The oxime derivative (IV) may be a syn-form, an anti-form or a mixture thereof which is rich in one of them. 
Preparation of a mixture of a borane compound and metal borohydride 

[0014] R 1 in the optically active p-aminoalcohol of the formula (I) is a hydrogen atom, a straight or branched lower 
alkyl group having usually 1 to 8 carbon atom, preferably 1 to 5 carbon atoms (e.g. methyl, ethyl, n-propyl, isopropyl, 



40 



50 
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n-butyl, isobutyl, sec-butyl, tert.-butyl, pentyl, etc.), or an aralkyl group having usually 7 to 15 carbon atom, preferably 
7 to 12 carbon atoms (e.g. benzyl, phenethyl, methylbenzyl, etc.) which may be substituted with a lower (C r C 5 ) alkyl 
or alkoxy group (e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert.-butyl, pentyl, methoxy, ethoxy, 
propoxy, butoxy, pentoxy, etc.). 
s [0015] R 2 , R 3 , R 4 and R 5 represent independently each other a hydrogen atom, a lower alkyl group having usually 
1 to 8 carbon atom, preferably 1 to 5 carbon atoms (e.g. methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, sec -butyl, 
tert.-butyl, pentyl, etc), an aryl group having 6 to 12 carbon atoms, preferably 6 to 11 carbon atoms (e.g. phenyl, 

1- naphthyl, 2-naphthyl, etc.), or an aralkyl group having usually 7 to 12 carbon atoms (e.g. benzyl, phenethyl, methyl- 
benzyl, etc). The aryl or aralkyl group may be substituted with a lower alkyl or alkoxy group which may be the same 

10 as exemplified above. R 4 and R 5 are not the same. R 1 and R 5 may together form a lower alkylene group such as 
methylene, dimethylene, trimethylene, tetramethylene, etc R 3 and R 4 may together form a lower alkylene group which 
may have optionally a substituent or with which a benzene ring is condensed, such as trimethylene, tetramethylene, 
pentamethylene, o-phenylenemethylene, o-phenylenedimethylene, etc. 

[0016] Specific examples of the optically active p-aminoalcohol (I) are optically active norephedrine, ephedrine, 
15 2-amino-1 -(2,5-dimethylphenyl)-1 -propanol, 2-amino-1 -(2,5-dimethoxyphenyl)-1 -propanol, 2-amino-1 -(2,5-diethoxy- 
phenyl)-1 -propanol, 2-amino-1 -(2,5-dipropoxyphenyl)-1 -propanol, 2-amino-1 -(2-methoxyphenyl)-1 -propanol, 2-ami- 
no-1 -(2-ethoxyphenyl)-1 -propanol, 2-arnino-1 -(2-propoxyphenyl)-1 -propanol, 2-amino-1 -(2-methylphenyl)-1 -propa- 
nol, 2-amino-1 -(2-methoxy-5-methylphenyl)-1 -propanol, 2-amino-1 -(4-methoxy-2-methylphenyl)-1 -propanol, 2-ami- 
no-1 -(2-ethoxy-5-methylphenyl)-1 -propanol, 2-amino-1 -(2, 4-dimethylphenyI)-1 -propanol, 2-amino-1 -(2,4,6-trimethyl- 
20 phenyl)-1 -propanol, 2-amino-1-(1-naphthyl)-1 -propanol, 2-amino-1-(2-naphthyl)-1 -propanol, 2-amino-1 ,2-diphe- 
nylethanol, 2-amino-1 ,1-diphenyl-1 -propanol, 2-amino-1 ,1-diphenyl-3-methyl-1 -butanol, 2-amino-1 ,1-diphenyl-4-me- 
thyl-1 -propanol, 2-amino-1 ,1 -diphenyl-1 -butanol, 2-amino-1 , 1 ,3-triphenyl-1 -propanol, 2-amino-1 ,1 ,2-triphenyl-l -etha- 
nol, 2-amino-3-methyl-1 -butanol, 2-amino-4-methyl-1 -pentanol, 2-amino-1 -propanol, 2-amino-3-phenyl-1 -propanol, 

2- amino-2-phenyl-1-ethanol, etc., and their N-lower alkyl or N-aralkyl derivatives; 2-pyrrolidinemethanol, a.a-diphenyl- 
25 2-pyrrolidinemethanol, 2-piperidinemethanol, a,a-diphenyl-2-piperidinemethanol, 2-aziridinemethanol, a,a-diphenyl- 

2-aziridinemethanol, 2-azetizinemethanol, a,a-diphenyl-2-azetizinemethanol, 2-aminocyclopentan-1-ol, 2-aminocy- 
clohexan-1-ol, 1-aminoindan-2-ol, and so on. 

[0017] Examples of the boron hydride are diborane, boranetetrahydrofuran complex, borane-dioxane complex, bo- 
ranedimethylsulfide complex, borane-thioxane complex, and so on. 
30 [001 8] Examples of the metal borohydride are lith ium borohydride, sodium borohydride, potassium borohydride, zinc 
borohydride, and so on. Among them, sodium borohydride is preferred. 

[0019] The metal borohydride used in the preparation of the borane compound and that used in the reduction of the 
prochiral ketone or the oxime derivative (IV) are usually the same, while they may be different. 
[0020] Examples of the acid are Bronsted acids such as sulfuric acid, acetic acid, phosphoric acid, methanesulfonic 
35 acid, p-toluenesulfonic acid, hydrogen chloride, etc.; and Lewis acids such as zinc chloride, boron trifluoride, aluminum 
chloride, aluminum bromide, titanium tetrachloride, tin tetrachloride, tin trichloride, iodine, etc. 

[0021] The acid used in the preparation of the borane compound and that used in the reduction of the prochiral 
ketone or the oxime derivative (IV) are usually the same, while they may be different. 

[0022] The preparation of the borane compound and the reduction of the prochiral ketone or the oxime derivative 
40 (IV) are usually performed in the presence of a solvent. The solvent used in the preparation of the borane compound 
and that used in the reduction of the prochiral ketone or the oxime derivative (IV) are usually the same, while they may 
be different. 

[0023] Examples of the solvent are ethers (e.g. dioxane, 1 ,3-dioxolane, tetrahydrofuran, diglyme, etc.), sulfides (e. 
g. dimethylsulfide, diethylsulfide, etc), and mixtures thereof, and mixtures of the above solvent and a hydrocarbon (e. 
4 5 g. benzene, toluene, xylene, chlorobenzene, 1 ,2-dichloroethane, etc.). 

[0024] An amount of the solvent is usually from 1 to 50 times the weight of the prochiral ketone or the oxime derivative 
(IV). 

[0025] In the preparation of the borane compound, in general, the boron hydride is added to the mixture of the optically 
active p-aminoalcohol (I) and the solvent, or the acid is added to the mixture of the optically active p-aminoalcohol (I), 

50 the metal borohydride and the solvent. The boron hydride or the acid may be used as a mixture in the solvent. 

[0026] In general, the boron hydride or the metal borohydride is used in an amount of 0.8 to 2 moles in terms of the 
boron atom per one mole of the optically active p-aminoalcohol (I). When the metal borohydride is used, it may be 
added, at this stage, in an amount sufficient for performing the reaction with the optically active p-aminoalcohol (I) and 
also the reduction of the prochiral ketone or the oxime derivative (IV). The metal borohydride is more preferably used 

55 than the boron hydride. 

[0027] The acid is used usually in an amount of 0.8 to 2.1 equivalents of the optically active p-aminoalcohol (I). 
[0028] In general, an amount of the metal borohydride which contributes to the synthesis of the borane compound 
is determined by the amount of the acid. Theoretically, an excessive portion of the metal borohydride in relation to the 
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acid will form a mixture with the borane compound. 

[0029] A temperature at which the boron hydride is added is usually from -20 to +1 00°C, preferably from 0 to 80°C. 
After the addition of the boron hydride, the reaction mixture is preferably stirred at the same temperature for 0.1 to 20 
hours. 

5 [0030] A temperature at which the acid is added is usually from -20 to +1 00°C, preferably from 0 to 80°C. After the 
addition of the acid, the reaction mixture is preferably stirred at the same temperature for 0.1 to 10 hours. 
[0031] In the reduction of the prochiral ketone, an amount of the optically active p-aminoalcohol (I) is from 0.005 to 
0.5 mole, preferably from 0.01 to 0.4 mole per one mole of the prochiral ketone. In the reduction of the oxime derivative 
(IV), an amount of the optically active p-aminoalcohol (I) is from 0.01 to 0.9 mole, preferably 0.03 to 0.9 mole per one 

10 mole of the oxime derivative (IV). 

[0032] In a case where the metal borohydride is added in the preparation step of the borane compound in an amount 
sufficient for performing the reaction with the optically active p-aminoalcohol (I) and also the reduction of the prochiral 
ketone or the oxime derivative (IV), the mixture of the borane compound and the metal borohydride is obtained, while, 
in other case, such mixture is obtained by the addition of the metal borohydride to the resulting borane compound. 

is [0033] When the metal borohydride is additionally added, an amount of the metal borohydride in the mixture with 
the borane compound is usually from 0.3 to 3 moles, preferably from 0.5 to 2 moles in terms of the boron atom per 
one mole of the prochiral ketone in the case of the reduction of the prochiral ketone. The reaction proceeds sufficiently 
when this amount is from 0.5 to 1 mole. In the case of the reduction of the oxime derivative, the additional amount of 
the metal borohydride is usually from 0.5 to 2.1 moles, preferably from 0.8 to 1 .5 moles in terms of the boron atom per 

20 one mole of the oxime derivative (IV). 

Preparation of a mixture of a optically active oxazaborolidine (II) and a metal borohydride 

[0034] Examples of the alkyl, aralkyl and aryl groups for R 1 , R 2 , R 3 , R 4 and R 5 , and examples of the alkylene group 
25 formed from R 1 and R 5 or R 3 and R 4 in the optically active oxazaborolidine (II) are the same as those exemplified in 
connection with the optically active p-aminoalcohol (I). 

[0035] Examples of the tower alkyl group for R 6 are the same as those for R 2 and so on, that is, an alkyl group having 
usually 1 to 8 carbon atoms which may be substituted with 1 to 6 halogen atoms (e.g. hexyl, cyclohexyl, heptyl, 2-ethyl- 
hexyl, octyl, 1 -chloroethyl, 1 -bromoethyl, 1-fluoroethyl, 2-fluoroethyl, 3-chloropropyl, 3,3,3-trifluoropropyl. Examples of 

30 the aryl group are an aryl group having usually 6 to 12 carbon atoms, preferably 6 to 10 carbon atoms (e.g. phenyl, 
1 -naphthyl, 2-naphthyl, etc.), an aryl group substituted with at least one alkyl group having usually 1 to 8 carbon atoms 
(e.g. o-, m- or p-methylphenyl, o-, m- or p-ethylphenyl, o-, m- or p-butyiphenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-dimeth- 
ylphenyl, etc.), an aryl group substituted with at least one alkoxy group having usually 1 to 8 carbon atoms (e.g. o-, m- 
or p-methoxyphenyl, o-, m- or p- ethoxyphenyl, o-, m- or p-propoxyphenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-dimethox- 

35 yphenyl, etc.), an aryl group substituted with at least one halogen atom (e.g. o-, m- or p-chlorophenyl, o-, m- or p- 
bromophenyl, o-, m- or p-fluorophenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-difluorophenyl, 2,3,4-, 2,3,5-, 2,3,6-, 2,4,5-, 
2,4,6- or 3,4,5- trifluorophenyl, etc.), an aryl group substituted with at least one halogen atom and at least one alkyl 
group (e.g. 4-bromo-3,5-dimethylphenyl, 4-bromo-2,6-dimethylphenyl, 4-fluoro-3,5-dimethylphenyl, etc.), an aryl group 
substituted with at least one halogen atom and at least one alkoxy group (e.g. 2-chloro-5-methoxyphenyl, 2-bromo- 

40 5-methoxyphenyl, 2-fluoro-5-methoxyphenyl, 3-bromo-5-methoxyphenyl, 4-ethoxy-2,3-difluorophenyl, etc.), and an ar- 
yl group substituted with a halogenated alkyl group (e.g. 2-(chloromethyl)phenyl, 2-(bromomethyl)phenyl, 2-(fluorome- 
thyl)phenyl, 3-(trifluoromethyl)phenyl, o-, m- or p-(1-chloroethyl)phenyl, o-, m- orp-(1-bromoethyl)phenyl, o-, m- or p- 
(3-chloropropyl)phenyl, 2-bromomethyl-6-methylphenyl, etc.). Examples of the aralkyl group are an aralkyl group hav- 
ing usually 7 to 12 carbon atoms, preferably 7 to 10 carbon atoms (e.g. benzyl, etc.), an aralkyl group substituted with 

45 at least one alkyl or alkoxy group having 8 to 13 carbon atoms (e.g. o-, m- or p-tolylmethyl, o-, m- or p-ethylbenzyl, o-, 
m- orp-methoxybenzyl, o-, m- orp-ethoxybenzyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or3,5-dimethylbenzyl, (2,3-, 2,4-, 2,5-, 2,6-, 
3,4- or 3,5-dimethylphenyl)ethylalkyL Examples of the halogen atom are fluorine, chlorine and bromine. 
[0036] Specific examples of the optically active oxazaborolidine (II) are optically active 1 ,3,2-(4-methyl-5-phenyl) 
oxazaborolidine, 1 ,3,2-(2,4-dimethyl-5-phenyl)oxazaborolidine, 1 ,3,2-(2-ethyl-4-methyl-5-phenyl)oxazaborolidine, 

so 1,3,2-(2-propyl-4-methyl-5-phenyl)oxazaborolidine, 1 ,3 l 2-(2-butyl-4-methyl-5-phenyl)oxazaborolidine l 1 ,3,2-(4-me- 
thyl-2,5-diphenyl)oxazaborolidine, 1 ,3,2-(2-(o-fluorophenyl)-4-methyl-5-phenyl)oxazaborolidine, 1 ,3,2-(2-(m-fluoroph- 
enyl)-4-methyl-5-phenyl)oxazaborolidine, 1 ,3,2-(2-(p-fluorophenyl)-4-methyl-5-phenyl)oxazaborolidine, 1 ,3,2-(2- 
(2,4-difluorophenyl)-4-methyl-5-phenyl)oxazaborolidine, 1 ,3,2-(2-(2,5-difluorophenyl)-4-methyl-5-phenyl)oxazaboroli- 
dine, 1 ,3,2-(2-(2,6-difluorophenyl)-4-methyl-5-phenyl)oxazaborolidine, 1 ,3,2-(2-(2-chlorophenyl)-4-methyl-5-phenyl) 

55 oxazaborolidine, 1 ,3,2-(2-(3-chlorophenyl)-4-methyl-5-phenyl)oxazaborolidine, 1 ,3,2-(2-(2,3-dichlorophenyl)-4-me- 
thyl-5-phenyl)oxazaborolidine, 1 ,3,2-(2-(2,6-dichlorophenyl)-4-methyl-5-phenyl)oxazaborolidine, 1 ,3,2-(2-(3,5-dichlo- 
rophenyl)-4-methyl-5-phenyl)oxazaborolidine, 1 ,3,2-(2-(o-methoxyphenyl)-4-methyf-5-phenyl)oxazaborolidine, 1 ,3,2- 
(2-(m-methoxyphenyl)-4-methyl-5-phenyl)oxazaborolidine, 1 ,3,2-(2-(p-methoxyphenyl)-4-methyl-5-phenyl)ox- 
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azaborolidine, 1 ,3 p 2-(2-(2 > 5-dimethoxyphenyl)-4-methyl-5-phenyl)oxazaborolidine l 1 ,3,2-(2-(o-tolyl)-4-methyl-5-phe- 
nyl)oxazaborolidine, 1 ,3,2-(2-(m-tolyl)-4-rnethyl-5-phenyl)oxa2aborolidine, 1 ,3,2-(2-(p-tolyl)-4-methyl-5-phenyl)ox- 
azaborolidine, 1 ,3,2-(2-(2,5-dimethyiphenyl)-4-methyi-5-phenyl)oxa2aborolidine, 1 ,3,2-(4,5-diphenyl)oxazaborolidine, 
1 ,3,2-(2-methyl-4,5-diphenyl)oxazaborolidine, 1 ,3 1 2-(2-methyl-4 l 5"di(2-naphthyl))oxa2aborolidine, 1 ,3,2-(4,5-di 
(2-naphthyl))oxazaborolidine, 1 ,3,2-(2-methyl-4-(2-methylpropyl)-5-phenyl)oxazaborolidine t 1 ,3,2-(4-(2-methylpro- 
pyl)-5-phenyl)oxazaboro!idine, 1 ,3,2-(2-methyl-4-(1 -methylpropyl)-5-phenyi)oxazaborolidine, 1 ,3,2-(4-(1 -methylpro- 
pyl)-5-phenyl)oxazaborolidine, 1 ,3 I 2-(2-methyl-4-(1 -methylethyl)-5-phenyl)oxazaborolidine, 1 ,3,2-(4-(1 -methylethyi)- 
5-phenyl)oxazaborolidine, 1 ,3,2-(2-methyI-4-(1 .l-dimethylethyO-S-phenyOoxazaborolidine, 1 ,3,2-(4-(1 ,1-dimethyle- 
thyl)-5-phenyl)oxazaborolidine, 1 ,3,2-(2-methyl-4-(phenylmethyl)-5-phenyl)oxazaborolidine, 1 ,3,2-(4-(phenylmethyl)- 
5-phenyl)oxazaborolidine, 1 ,3,2-(2-methyl-4-(phenyl-5-(p-tolyl))oxazaborolidine^ 1 ,3,2-(4-(phenyl-5-(p-tolyl))ox- 
azaborolidine, 1 ,3,2-(2,4-dimethyl-5-(2,5-dimethylphenyl))oxazaborolidine, 1 ,3,2-(4-methyl-5-(2,5-dimethylphenyl)) 
oxazaborolidine, 1 ,3,2-(2 > 4-dimethyl-5-(2,5-dimethoxyphenyl))oxazaborolidine, 1 ,3,2-(4-methyl-5-(2,5-dimethoxyphe- 
nyl))oxazaborolidine, 1 ,3,2-(2-methyl-4-phenyl)oxazaborolidine, 1 ,3,2-(4-phenyl)oxazaborolidine, 1 ,3,2-(2,4-diphenyl) 
oxazaborolidine, 1 ,3,2-(2,4-dimethyl)oxazaborolidine, 1 ,3,2-(4-methyl)oxazaborolidine, 1 ,3,2-(4-ethyl)oxazaborolid- 
ine, 1 ,3,2-(2-methyl-4-ethyl)oxazaborolidine, 1 ,3,2-(4-propyl)oxazaborolidine, 1 ,3,2-(2-methyl-4-propyl)oxazaborolid- 
ine, 1 ,3,2-(4-isopropyl)oxazaborolidine, 1 ,3,2-(2-methyl-4-isopropyl)oxazaborolidine, 1 ,3,2-(2-methyl-4-(1-methylpro- 
pyl))oxazaborolidine, 1 ,3,2-(4-(1-methylpropyl))oxazaborolidine, 1 ,3,2-(2-methyl-4-(2-methylpropyl))oxazaborolidine, 
1 ,3,2-(4-(2-methylpropyl))oxazaborolidine, 1 ,3,2-(2-methyl-4-(tert-butyl))oxazaborolidine, 1 ,3,2-(4-(tert.-butyl))ox- 
azaborolidine, 1 ,3,2-(2-methyl-4,5,5-triphenyl)oxazaborolidine, 1 l 3,2-(4 1 5,5-triphenyl)oxazaborolidine t 1 ,3,2-(4-ben- 
zyl)oxazaborolidine, 1 ,3,2-(2-methyI-4-benzyl)oxazaborolidine, 1 ,3,2-(2-methyl-4-benzyl-5,5-diphenyl)oxazaborolid- 
ine, 1 ,3 1 2-(4-benzyl-5,5-diphenyl)oxazaborolidine l 1 ,3,2-(4-methyl-5,5-diphenyl)oxazaborolidine l 1 ,3,2-(4-isopropyl- 
5,5-diphenyl)oxazaborolidine, 1 ,3,2-(4-isobutyl-5,5-diphenyl)oxazaborolidine, 1 1 3 l 2-(2,4-dimethy!-5 > 5-diphenyl)ox- 
azaborolidine, 1 ,3,2-(4-isopropyl-2-methyl-5,5-diphenyl)oxazaborolidine, 1 ,3,2-(4-isobutyl-2-methyl-5,5-diphenyl)ox- 
azaborolidine, 1 ,3,2-(2 1 5,5-trimethyl-4-(tert.-butyl))oxazaborolidine 1 1 ^-(S.S-dimethyM-ftert.-butyi^oxazaboroltd- 
ine, 1 .S^^^-dimethyl-S.S-d^o-methylphenyl^oxazaborolidine, 1 ,3,2-(4-methyl-5,5-di(o-methy1phenyl))oxazaboroli- 
dine, 1 ,3,2-(2,4-dimethyl-5,5-dibenzyl)oxazaborolidine, 1 ,3,2-(4-methyl-5,5-dibenzyl)oxazaborolidine, 1,3,2- 
(2,4-dimethyl-5,5-di(p-methoxyphenyl)oxazaborolidine, 1 l 3,2-(4-methyl-5,5-di(p-methoxyphenyl)oxazaborolidine, 

3.4- propano-1 ,3,2-oxazaborolidine, 5,5-diphenyl-3,4-propano-1 ,3,2-oxazaborolidine, 2-methyl-5,5-diphenyl-3,4-pro- 
pano-1 ,3,2-oxazaborolidine, 2-methyl-3,4-propano-1 ,3,2-oxazaborolidine, 2-ethyf-3,4-propano-1 ,3,2-oxazaborolidine, 

5.5- diphenyl-3 t 4-ethano-2-methyl-1,3,2-oxazaborolidine, 3,4-butano-5,5-di(p-tolyl)-2-methyl-1 ,3,2-oxazaborolidine, 
and so on. 

[0037] The optically active oxazaborolidine (II) can be prepared by reacting the optically active p-aminoalcohol (I) 
with a boronic acid of the formula (V): 



R 6 -B(OH) 2 (V) 
wherein R 6 is the same as define above, or with a boroxine derivative of the formula (VI): 



R 6 
I 

cr B -o 

B B < V ') 

R 6 R 6 

wherein R 6 is the same as defined above. 

[0038] Examples of the groups for R 6 in the formulas (V) and (IV) are the same as those exemplified above. 
[0039] Specific examples of the boronic acid (V) are boronic acid, methylboronic acid, ethylboronic acid, propylbo- 
ronic acid, butylboronic acid, pentylboronic acid, hexylboronic acid, phenylboronic acid, cc.p-naphthylboronic acid, o-, 
m- or p-methylphenylboronic acid, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-dimethylphenylboronic acid, mesitylboronic acid, 
o-, m- or p-fluorophenylboronic acid, o-, m- or p-chlorophenylboronic acid, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5-difluoroph- 
enylboronic acid, benzylboronic acid, o-, m- or p-tofylmethylboronic acid, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 3,5- dimethyl- 
benzylboronic acid, and so on. 

[0040] Specific examples of the boroxine derivative (VI) are trimethylboroxine, triethylboroxine, tripropylboroxine, 
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tributylboroxine, triisobutylboroxine, tripentylboroxine, trihexylboroxine, trioctylboroxine, tris(1-methylethyl)boroxine, 
tris(1 ,1 -dimethylethyl)boroxine, tris(1 -methytpropyl)boroxine, tris(1 ,1-diethylpropyl)boroxine, tris(1-chloroethyl)borox- 
ine, tris(3-chloropropyl)boroxine, tris^.S^-trifluoropropylJboroxine, triphenylboroxine, tris(2-methytphenyl)boroxine, 
tris(3-methylphenyl)boroxine, tris(4-methylphenyl)boroxine, tris(2-ethylphenyl)boroxine, tris(3-ethylphenyl)boroxine, 
tris(4-ethylphenyl)boroxine, tris(2,3-dimethylphenyl)boroxine, tris(2,4-dimethylphenyl)boroxine, tris(2,5-dimethylphe- 
nyl)boroxine, tris(2,6-dimethylphenl)boroxine, tris-(3,4-dimethylphenyl)boroxine, tris(3,5-dimethylphenyl)boroxine, tris 
(2-methoxyphenyl)boroxine, tris(3-methoxyphenyl)boroxine, tris(4-methoxyphenyl)boroxine J tris(2-ethoxyphenyl) 
boroxine, tris(2-propoxyphenyl)boroxine, tris(2-chloropheny1)boroxine, tris(3-chlorophenyl)boroxine, tris(4-chlorophe- 
nyl)boroxine, tris(3-bromophenyl)boroxine, tris(3-fluorophenyl)boroxine, trts(4-chlorophenyl)boroxine, tris 
(4-bromophenyl)boroxine, tris(4-fluorophenyl)boroxine, tris(2,3-difluorophenyl)boroxine, tris(2,4-difluorophenyl)borox- 
ine, tris(2,5-difluorophenyl)boroxine, tris(2,6-difluorophenyl)boroxine l tris(3,4-difluorophenyl)boroxine, tris(3,5-difluor- 
ophenyl)boroxine,tris(4-bromo-2,6-dimethylphenyl)boroxine,tris(4-bromo-3 l 5-dimethylphenyl)b 
3,6-dimethylphenyl)boroxine, tris(2-chloro-5-methoxyphenyl)boroxine, tris(2-bromo-5-methoxyphenyl)boroxine, tris 
(2-fluoro-5-methoxy phenyl) boroxine, tris(5-bromo-2-methoxyphenyl)boroxine, tris(4-ch I oro-3-methoxyp he ny I) borox- 
ine, tris(4-ethoxy-2,3-difluorophenyl)boroxine, tris(2-(chloromethyl)phenyl)boroxine, tris(2-(bromomethyl)phenyl) 
boroxine, tris(4-(bromomethyl)p hen yl) boroxine, tris(o-(1-bromoethyl)phenyl)boroxine, tris(m-(1-bromoethyl)phenyl) 
boroxine, tris(p-(1 -bromoethyl)phenyl)boroxine, tris(p-(1 -bromoethyl)phenyl)boroxine, tris(p-(dibrom'omethyl)phenyl) 
boroxine, tris(m-(trichloromethyl)phenyl)boroxine, tris(o-(1 ,2-dibromoethyl)phenyl)boroxine, tris(2-(trifluoromethyl) 
phenyl)boroxine, tris(3-(trifIuoromethyl)phenyl)boroxine, tris(4-(trifluoromethyl)phenyl)boroxine, tris(2-(bromomethyl)- 
6-methylphenyl)boroxine, tris(phenylethyl)boroxine, trichloroboroxine, tribromoboroxine, and so on. 
[0041] In the preparation of the optically active oxazaborolidine (II), an amount of the boronic acid (V) is usually from 
1 to 5 equivalents, preferably from 1 to 2 equivalents of the optically active p-aminoalcohol (I), or an amount of the 
boroxine derivative (IV) is usually from 0.3 to 1 equivalent, preferably from 0.3 to 0.8 equivalent of the optically active 
p-aminoalcohol (I). 

[0042] In general, the above reaction is performed in the presence of a solvent. As the solvent, any aprotic solvent 
may be used. Examples of the solvent are aromatic hydrocarbons such as toluene, benzene, chlorobenzene, etc., 
aliphatic hydrocarbons such as hexane, heptane, chloroform, dichloroethane, etc., and so on. 

[0043] A reaction temperature is usually from 0 to +1 50°C, preferably from 1 0 to 1 20°C, and a reaction time is usually 
from 10 minutes to 8 hours. 

[0044] If desired, the optically active oxazaborolidine (II) may be isolated from the reaction mixture by a per se 
conventional method such as concentration, distillation, and so on. 

[0045] In general, the optically active oxazaborolidine (II) and the metal borohydride are mixed in a solvent which is 
used in the reduction reaction. 

[0046] An amount of the optically active oxazaborolidine (II) is usually from 0.01 to 0.6 mole per one mole of the 
prochiral ketone, or from 0.05 to 0.9 mole per one mole of the oxime derivative (IV). 

[0047] Preferred examples of the metal borohydride are lithium borohydride, sodium borohydride, potassium boro- 
hydride, zinc borohydride, and so on. Among them, sodium borohydride is particularly preferred. 
[0048] An amount of the metal borohydride is usually at least 0.5 mole, preferably from 0.5 to 1 mole in terms of 
boron atoms per one mole of the prochiral ketone, or usually from 0.5 to 2.5 moles, preferably from 0.7 to 2 moles in 
terms of boron atoms per one mole of the oxime derivative (IV). 

Preparation of an optically active alcohol through reduction of a prochiral ketone 

[0049] The optically active alcohol can be prepared by reacting the prochiral ketone corresponding to the optically 
active alcohol and the acid with the mixture of the metal borohydride and 

i) the borane compound prepared from the optically active p-aminoalcohol (I) and the boron hydride, or from the 
optically active p-aminoalcohol (I), the metal borohydride and the acid, or 

ii) the optically active oxazaborolidine (II). 

[0050] A preferred example of the prochiral ketone is a ketone of the formula: 



wherein R 7 and R a are different and represent an alkyf group which may have an substituent, an aryl group which may 
have a substituent, or an aralkyl group which may have a substituent, or R 7 and R 8 form, together with a carbon atom 



R 7 -CO-R' 
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of the carbonyl group, a ring or condensed ring optionally having a hetero atom. 

[0051] When the reduction reaction is carried out using this prochiral ketone (VII), the corresponding optically active 
alcohol of the formula (VIII): 



wherein R 7 and R 8 are the same as defined above, and * stands for an asymmetric carbon atom is obtained. 
[0052] The alkyl group for R 7 and R 8 has usually 1 to 6 carbon atoms and is optionally substituted with at least one 
halogen atom, and examples thereof are methyl, ethyl, propyl, butyl, pentyl, cyclopentyl, hexyl, cyclohexyl, chlorome- 
thyl, bromomethyl, dichloromethyl, trichloromethyl, difluoromethyl, trifluoromethyl, 2-chloroethyl, 3-chloropropyl, 
4-chlorobutyl, and so on. 

[0053] Examples of the aryl group for R 7 and R 8 are aromatic hydrocarbon groups having usually 6 to 15 carbon 
atoms and optionally at least one substituent such as phenyl, 1-naphthyl, 2-naphthyl, etc., and heterocyclic groups 
such as 2-pyridyl, 3-pyridyl, 4-thiazolyl, etc. 

[0054] Examples of the substituent which is optionally present on the aryl group are halogen atoms (e.g. chlorine, 
bromine, etc.), lower alkyl groups (e.g. methyl, ethyl, propyl, butyl, etc.), lower alkoxy groups (e.g. methoxy, ethoxy, 
propoxy, etc.), aralkyl groups (e.g. benzyl, etc.), aralkyloxy groups (e.g. benzyloxy, etc.), a cyano group, lower haloalkyl 
groups having 1 to 6 carbon atoms (e.g. fluoromethyl, trifluoromethyl, chloromethyl, trichloromethyl, etc.). 
[0055] Examples of the substituted aryl group are halogen-substituted phenyl (e.g. o-, m- or p-chlorophenyl, o-, m- 
or p- bromophenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3.4- or 3,5-dichlorophenyl, etc.), lower alkyl-substituted phenyl (e.g. o- t m- or 
p-methylphenyl, o-, m- or p-ethylphenyl, o-, m- or p-propylphenyl, o-, m- or p- butylphenyl, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- or 
3,5-dimethylphenyl, etc.), lower alkoxy-substituted phenyl (e.g. o-, m- or p-methoxyphenyl, o-, m- or p-ethoxyphenyl, 
o-, m- or p-propoxyphenyl, etc.), benzyloxy-substituted phenyl (e.g. o-, m- or p-benzyloxyphenyl, etc.), cyano-substi- 
tuted phenyl (e.g. o-, m- or p-cyanophenyl, etc.), 2-trifluoromethyl-4-thiazolyl, 2-methyl-4-thiazolyl, and so on. 
[0056] The aralkyl group has usually 7 to 15 carbon atoms and optionally at least one substituent, and examples 
thereof are benzyl, o-, m- or p-tolylmethyl, o-, m- or p-ethylbenzyl, o-, m- orp-methoxybenzyl, o- f m- orp-ethoxybenzyl, 
and so on. 

[0057] Examples of the ring or condensed ring formed from R 7 and R 8 together with the carbon atom of the carbonyl 
group are cyclic ketones such as cyclopentenone, cyclohexenone, 1 ,3-cyclopentanedione, 4-cyclopentene-1 ,3-dione, 
etc.; hetero atom- containing cyclic ketones such as 3-oxopyrrolidine, 3-oxopiperidine, 3-oxo-quinuclidine, and N-alkyl 
or N-aralkyl derivatives of the above cyclic ketones; indaline, tetralinone, and so on. 

[0058] Examples of the prochiral ketone (VII) are acetophenone, propiophenone, butyrophenone, 1 -acetonaphthone, 
2-acetonaphthone, o-methoxyacetophenone, o-ethoxyacetophenone, o-propoxyacetophenone, o-benzyloxyace- 
tophenone, p-tert.-butylacetophenone, 2-acetylpyridine, p-cyanoacetophenone, phenyl benzyl ketone, phenyl o-tolyl- 
methyl ketone, phenyl m-tolylmethyl ketone, phenyl p-tolylmethyl ketone, 2-butanone, 2-pentanone, 2-hexanone, 
2-heptanone, 2-octanone, cyclohexyl methyl ketone, cyclohexyl benzyl ketone, 2-chloroacetophenone, 2-bromoace- 
tophenone, 2-bromo-3'-chloroacetophenone, 2-chloro-3'-chloroacetophenone, 2-bromo-3 , -bromo acetophenone, 
2-bromo-3'-fluoroacetophenone, 2-bromo-3'-methylacetophenone, 2-bromo-3'-ethylacetophenone, 2-bromo-3'-propy- 
lacetophenone, 2-bromo-3'-butylacetophenone, 2-bromo-3'-methoxyacetophenone, 2-bromo-3'-ethoxyacetophe- 
none, 2-bromo-3'-propoxyacetophenone, 2-bromo-3 , -butoxyacetophenone, 2-bromo-4'-chloroacetophenone, 2-bro- 
mo-4'-bromoacetophenone, 2-bromo-4'-fluoroacetophenone, 2-bromo-4'-methylacetophenone, 2-bromo-4'-ethylace- 
tophenone, 2-bromo-4'-propylacetophenone, 2-bromo-4'-butylacetophenone I 2-bromo-4 , -methoxyacetophenone, 
2-bromo-4'-ethoxyacetophenone, 2-bromo-4'-propoxyacetophenone, 2-bromo-4'-butoxyacetophenone, 2-bromo-2'- 
chloroacetophenone, 2-bromo-2'-bromoacetophenone, 2-bromo-2'-fluoroacetophenone, 2-bromo-2'-methylacetophe- 
none, 2-bromo-2'-ethylacetophenone, 2-bromo-2'-propylacetophenone, 2-bromo-2' -butyl acetophenone, 2-bromo-2'- 
methoxyacetophenone, 2-bromo-2'-ethoxyacetophenone, 2-bromo-2'-propoxyacetophenone, 2-bromo-2'-butoxyace- 
tophenone, 2-bromo-2 , -chloro-3'-methoxyacetophenone, 2-bromo-2 , -bromo-3'-methoxyacetophenone, 2-bromo-2'- 
fIuoro-3-methoxyacetophenone, 2-bromo-3*-methoxy-2'-methyl-acetophenone, 2-bromo-2\3 , -dimethoxyacetophe- 
none, 2-bromo-2 , -ethoxy-3*-methoxyacetophenone, 2-bromo-2',3'-dichloroacetophenone, 2-bromo-2'-bromo-3'-chlo- 
roacetophenone, 2-bromo-3'-chloro-2 , -fluoroacetophenone, cyclopentenone, 1 ,3-cyclopentandione, cyclohexenone, 
4-cyclopenten-1,3-dione, 3-oxopyrrolidine, 3-oxopiperidine, 3-oxoquinuclidine, N-alkyl or N-aralkyl derivatives thereof ; 
2-bromo-3 , -chloro-2'-fluoroacetophenone, 2-bromo-3 , -chloro-2'-methylacetophenone, 2-bromo-3'-chloro-2'-methoxy- 
acetophenone, 2-bromo-3 , -chloro-2'-ethoxyacetophenone, 2-bromo-3*-bromo-4 , -chloroacetophenone l 2-bromo-2 , ,4'- 
dibromoacetophenone, 2-bromo-2'-bromo-4 , -fluoroacetophenone, 2-bromo-2 , -bromo-4'-methylacetophenone t 2-bro- 
mo-2'-bromo-4'-methoxyacetophenone, 2-bromo-4'-chloro-2'-fluoroacetophenone, 2-bromo-2\4'-difluoroacetophe- 
none, 2-bromo-4 , -bromo-2*-fluoroacetophenone, 2-bromo-2 , -fluoro-4'-methylacetophenone, 2-bromo-2'-fIuoro-4'- 



R 7 -C*H(OH)-R J 
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methoxyacetophenone, 2-bromo-4'-ethoxy-2'-fluoroacetophenone, 2-bromo-4'-chloro-2 , -ethoxyacetophenone, 2-bro- 
mo^'-bromo-^-ethoxyacetophenone, 2-bromo-4 , -fluoro-2'-ethoxyacetophenone I 2-bromo-4'-methyl-2 , -ethoxyace- 
tophenone, 2-bromo-4 , -methoxy-2 , -ethoxyacetophenone, 2-bromo-2\4'-diethoxyacetophenone ( 2-bromo-4 , -chloro-3*- 
ethoxyacetophenone, 2-bromo-4 , -bromo-3 , -ethoxyacetophenone, 2-bromo-4 , -fluoro-3 , -ethoxyacetophenone, 2-bro- 

5 mo-S'-ethoxy-^-methylacetophenone, 2-bromo-3'-ethoxy-4' -methoxyacetophenone, 2-bromo-3' > 4'-diethoxyacetophe- 
none, 2-bromo-5 , -bromo-3 , -chloroacetophenone, 2-bromo-3',5 , -dibromoacetophenone, 2-bromo-5'-bromo-3 , -fluoro- 
acetophenone, 2-bromo-5'-bromo-3 , -methylacetophenone, 2-bromo-5'-bromo-3 , -methoxyacetophenone, 2-bromo-5'- 
bromo-3'-ethoxyacetophenone, 2-bromo-3 , -chloro-5'-ethoxyacetophenone, 2-bromo-3 , -bromo-5'-ethoxyacetophe- 
none, 2-bromo-5 , -ethoxy-3'-fluoroacetophenone, 2-bromo-5'-ethoxy-3 , -methylacetophenone, 2-bromo-5'-ethoxy-3'- 

10 methoxyacetophenone, 2-bromo-3',5 , -dimethoxyacetophenone, 2-bromo-3',5 , -diethoxyacetophenone > 2-bromo-3',5'- 
dichloroacetophenone, 2-bromo-3',5 , -difluoroacetophenone, 2-bromo-2\6 , -dichloroacetophenone, 2-bromo-2' > 4 , ,6'- 
trichloroacetophenone, 2-bromo-3 , ,4 , ,5 , -trichloroacetophenone, 4-bromoacetyl-2-methylthiazole, 4-bromoacetyl-2-tri- 
fluoromethylthiazole, and so on. 

[0059] Examples of the acid are Bransted acids such as sulfuric acid, acetic acid, phosphoric acid, methanesulfonic 
15 acid, p-toluene-sulfonic acid, hydrogen chloride, etc.; and Lewis acids such as zinc chloride, boron trifluoride, aluminum 
chloride, aluminum bromide, titanium tetrachloride, tin tetrachloride, tin trichloride, etc. 

[0060] An amount of the acid is usually from 0.8 to 1.2 equivalents, preferably from 0.9 to 1.1 equivalents of the 
metal bora hydride in the mixture of the borane compound and the metal borohydride. 

[0061] In general, the reduction reaction is performed in the presence of a solvent. Examples of the solvent are 
20 ethers (e.g. dioxane; tetrahydrofuran, diglyme, etc.), sulfides (e.g. dimethylsulfide, diethylsulfide, etc.), and mixtures 
thereof, and mixtures of the above solvent and a hydrocarbon (e.g. benzene, toluene, xylene, chlorobenzene, 
1,2-dichloroethane, etc.). 

[0062] An amount of the solvent is usually from 1 to 50 wt. parts per one wt. part of the oxime derivative. 
[0063] The reduction of the prochiral ketone is carried out by reacting the prochiral ketone and the acid with the 
25 mixture of the metal borohydride and the borane compound or the optically active oxazaborolidine (II). Preferably, the 
prochiral ketone and the acid are dropwise added to the mixture of the metal borohydride and the borane compound 
or the optically active oxazaborolidine (II). In this case, the prochiral ketone and the acid may be added in admixture 
or separately. Alternatively, they may be added in the form of a solution in the solvent. 

[0064] A reducing temperature is usually 1 50°C or lower, preferably from -20 to 1 1 0°C, more preferably 0 to 1 00°C. 
30 [0065] A time for dropwise adding the prochiral ketone and the acid is usually from 0.1 to 20 hours. After the dropwise 
addition of the prochiral ketone and the acid, the reaction mixture is preferably stirred for 0.1 to 1 0 hours while warming 
at a temperature in the above range. 

[0066] The progress of the reaction can be monitored with an analytical method such as gas chromatography. 
[0067] After the reduction reaction, the borane compound or the optically active oxazaborolidine (II) may be decom- 
35 posed by the addition of an acid such as hydrochloric acid to the reaction mixture, and optionally the solvent is evap- 
orated off. Then, to the reaction mixture, an extraction solvent such as toluene and an aqueous solution of an acid 
such as hydrochloric acid are added to separate an acid of the optically active p-aminoalcohol (I) with the acid, and 
the solvent is evaporated off from the separated organic layer to obtain the desired optically active alcohol in the salt 
form. 

40 [0068] The separated salt of the optically active p-aminoalcohol (I) with the acid is made basic and extracted with 
an extraction solvent such as toluene, followed by evaporating the solvent off to recover the optically active p-aminoal- 
cohol (I) in the free form. 

[0069] The obtained optically active alcohol can be further purified by a per se conventional purification method such 
as distillation, chromatography, and so on. 

45 

Preparation of an optically active amine (III) by reduction of an oxime derivative (IV) 

[0070] The optically active amine (III) can be prepared by reacting the oxime derivative (IV) and the acid with the 
mixture of the metal borohydride and 

50 

i) the borane compound prepared from the optically active p-aminoalcohol (I) and the boron hydride, or from the 
optically active p-aminoalcohol (I), the metal borohydride and the acid, or 

ii) the optically active oxazaborolidine (it). 

55 [0071] The oxime derivative (IV) may be an syn-form, an anti-form or a mixture thereof which is rich in one of them. 
[0072] In the formula (IV), R 7 and R 8 are different and represent an alkyl group which may have at least one sub- 
stituent, an aryl group which may have at least one substituent or an aralkyl group which may have at least one sub- 
stituent, or R 7 and R 8 form, together with the carbon atom of the oxime group, a ring or condensed ring which may 
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have a hetero atom. 

[0073] Examples of the groups for each of R 7 and R 8 are the same as those exemplified in connection with the 
prochiral ketone (VII). 

[0074] Examples of the ring or condensed ring formed from R 7 and R 8 together with the carbon atom of the oxime 
s group are oxime ethers of cyclic ketones (e.g. cyclopentenone, cyclohexenone, etc.), cyclic ketones having a hetero 
atom (e.g. 3-oxopyrrolidine, 3-oxopiperidine, 3-oxoquinuclidine, N-alkyl or N-ara(kyl derivatives thereof, etc.), and ben- 
zene-ring condensed cyclic ketones (e.g. indanone, tetralinone, etc.). 

[0075] The alkyl group for R 9 has usually 1 to 1 0 carbon atoms, and examples thereof are methyl, ethyl, propyl, butyl, 
pentyl, cyclopentyl, hexyl, cyclohexyl, heptyl, cycloheptyl, octyl, nonyl, decyl, etc. 
10 [0076] The aralkyl group for R 9 has usually 7 to 12 carbon atoms, and examples thereof are benzyl, p-phenethyl, 
naphthylmethyl, etc. 

[0077] The alkyl-substituted silyl group has usually 3 to 12 carbon atoms in the alkyl substituents in total, and exam- 
ples thereof are trimethylsilyl, dimethyl-tert.-butylsilyl, tri-n-propylsilyl, tri-n-butylsilyl, etc. 

[0078] Specific examples of the oxime derivative (IV) are O-methyl, O-ethyl, O-octyl, O-cyclohexyl, O-benzyl, and 
is O-trimethylsilyl derivatives of oximes of acetophenone, propiophenone, butyrophenone, 1 -acetonaphthone, 2-acet- 
onaphthone, o-, m- or p- methoxyacetophenone, o-ethoxyacetophenone, o-propoxyacetophenone, o-, m- or p-benzy- 
loxyacetophenone, 2-acetylpyridine, p-cyanoacetophenone ( phenyl benzyl ketone, phenyl o-tolylmethyl ketone, phenyl 
m-tolylmethyl ketone, phenyl p-tolylmethyl ketone, 2-butanone, 2-pentanone, 2-hexanone, 2-heptanone, 2-octanone, 
cyclohexyl methyl ketone, cyclohexyl benzyl ketone, 2-chloroacetophenone, p-tert.-butylacetophenone, p-chloroace- 
20 tophenone, m-bromoacetophenone, p-bromoacetophenone, p-cyanoacetophenone, 2-chloro-3'-chloroacetophenone, 
m,p- or o.p-dichloroacetophenone, 3-sulfonamide-4-methoxybenzyI methyl ketone, 3,4-dimethoxybenzyl methyl ke- 
tone, 3'-benzyloxyacetophenone, isobutyl 2-piperidinophenyl ketone, cyclopentenone, cyclohexenone, pyrrolidin- 
2-one, pyrrolidin-3-one, piperidin-2-one, piperidin-3-one, quinucIidin-2-one, quinuclidin-3-one, 2-piperidylmethyl phe- 
nyl ketone, 8-methoxytetrahydronaphthalen-2-one, etc. 
25 [0079] They may be the syn- or anti-form, or mixtures thereof in which either one of the syn-form and the anti-form 
is richer than the other. 

[0080] The oxime derivative (IV) may be prepared from the above described prochiral ketone (III) according to a per 
se conventional method. When one of the syn-form and the anti-form, is used, the rest of them may be transformed 
to the necessary form by isomerization between the anti-form and the syn-form, whereby the raw material is effectively 
30 used. 

[0081] Examples of the acid are Bransted acids such as sulfuric acid, acetic acid, phosphoric acid, methanesulfonic 
acid, p-toluene-sulfonic acid, hydrogen chloride, etc.; and Lewis acids such as zinc chloride, boron trifluoride, aluminum 
chloride, aluminum bromide, titanium tetrachloride, tin tetrachloride, tin trichloride, iodine, etc. 

[0082] An amount of the acid is usually from 0.8 to 1.2 equivalents, preferably from 0.9 to 1 .1 equivalents of the 
35 mmetal borohydride. 

[0083] In general, the reduction reaction is performed in the presence of a solvent. Examples of the solvent are 
ethers (e.g. dioxane, tetrahydrofuran, diglyme, etc.), sulfides (e.g. dimethylsulfide, diethylsulfide, etc.), and mixtures 
thereof, and mixtures of the above solvent and a hydrocarbon (e.g. benzene, toluene, xylene, chlorobenzene, 
1,2-dichloroethane, etc.). 

40 [0084] An amount of the solvent is usually from 1 to 50 times the weight of the oxime derivative (III). 

[0085] The reduction of the oxime derivative (IV) is carried out by reacting the oxime derivative (IV) and the acid with 
the mixture of the metal borohydride and the borane compound or the optically active oxazaborolidine (II). Preferably, 
the oxime derivative (IV) and the acid is added to the mixture of the metal borohydride and the borane compound or 
the optically active oxazaborolidine (II). In this case, they may be added in admixture or separately, or in the form of a 

45 solution in the solvent. 

[0086] The reduction reaction can be accelerated by the use of a transition metal halide (e.g. cobalt chloride, nickel 

chloride, cesium chloride, etc.) in an amount of 0.1 to 5 mole % based on the oxime derivative (IV). 

[0087] A reaction temperature is usually 150°C or lower, preferably from -20 to +11 0°C, more preferably from 0 to 

100°C. 

50 [0088] A time for adding the oxime derivative and the acid is usually from 0.1 to 10 hours. After the addition of the 
oxime derivative and the acid, the reaction mixture is preferably stirred for 1 to 30 hours while warming at a temperature 
in the above range. 

[0089] The progress of the reaction can be monitored with an analytical method such as gas chromatography. 
[0090] After the reduction reaction, the borane compound or the optically active oxazaborolidine (II) may be decom- 
55 posed by the addition of an acid such as hydrochloric acid to the reaction mixture, to obtain the optically active p- 
aminoalcohol (I) and the optically active amine (III), which are separated by utilizing a difference of their solubilities in 
a solvent, or distillation. 

[0091] The obtained optically active amine (I) can be further purified by a per se conventional purification method 
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such as recrystailization in the form of a salt with the acid, distillation, chromatography, and so on. 
[0092] The optically active p-aminoalcohol separated can be recovered in the same manner as in the above chapter 
of "Preparation of optically active alcohol". 

[0093] According to the present invention, the optically active alcohol having a high optical purity can be prepared 
by using the metal borohydride which is cheap and available in an industrial scaie as a hydrogen source. 
[0094] In addition, the amount of the used metal borohydride or boron hydride is decreased and the optically active 
alcohol is effectively prepared. 

[0095] Further, the optically active amine is prepared effectively with decreasing the used amount of the metal boro- 
hydride or boron hydride as the hydrogen source. 

EXAMPLES 

[0096] The present invention will be illustrated by the following Examples, which will not limit the scope of the present 
invention in any way. 

15 

Example 1 

[0097] Under a nitrogen atmosphere, sodium borohydride (0.38 g, 10 mmol) was suspended in a solution of (1S, 
2R)-(+)-norephedrine (0.151 g, 1 mmol) in dioxane (10 ml). To the suspension, a mixture of 96 % sulfuric acid (0.102 
g, 1 mmol) and dioxane (1 ml) was added, followed by stirring at 65 to 70°C for 30 minutes to obtain a mixture of a 
borane compound and sodium borohydride, 

[0098] To this mixture, a mixture of 96 % sulfuric acid (0.408 g, 4 mmol), acetophenone (2.1 6 g, 18 mmol) and dioxane 
(20 ml) was dropwise added over 100 minutes at the same temperature, and then stirred for 30 minutes. 
[0099] After cooling to room temperature, the 1 0 % hydrochloric acid (20 ml) was added, and then the mixture was 
extracted with toluene (each 20 ml) twice. The organic layer was washed with water (each 20 ml) twice, and analyzed 
by gas chromatography to find that the conversion was 1 00 %. The washed extract was also analyzed by high per- 
formance liquid chromatography (HPLC) using an optically active column to find that obtained optically active a-phene- 
thyl alcohol consisted of 10.4 % of the (R)- isomer and 89.6 % of the (S)-isomer. 

30 Example 2 

[0100] In the same manner as in Example 1 except that a mixture of 96 % sulfuric acid (0.408 g, 4 mmol), acetophe- 
none (2.16 g, 18 mmol) and dioxane (10 ml) was dropwise added while refluxing dioxane (1 01 °C), the reactions were 
performed. 

35 [0101] The conversion was 100 %, and the obtained optically active a-phenethyl alcohol consisted of 12.2 % of the 
(R)- isomer and 87.8 % of the (S)-isomer. 

Example 3 

[01 02] In the same manner as in Example 1 except thattetrahydrofuran was used in place of dioxane, and the mixture 
was stirred for 30 minutes while refluxing tetrahydrofuran (65°C) instead of the stirring at 65-70°C for 30 minutes, a 
mixture of the borane compound and sodium borohydride was prepared. 

[0103] Then, in the same manner as in Example 1 except that a mixture of 96 % sulfuric acid (0.408 g, 4 mmol), 
acetophenone (1 .2 g, 1 0 mmol) and tetrahydrofuran (6 ml) was dropwise added over 60 minutes at the same temper- 
ature, and thereafter a mixture of acetophenone (1 .2 g, 1 0 mmol) and tetrahydrofuran (6 ml) was dropwise added over 
60 minutes, the reaction was performed. 

[0104] The conversion was 92 %, and the obtained optically active a-phenethyl alcohol consisted of 14.3 % of the 
(R)- isomer and 85.7 % of the (S)-isomer. 

50 Example 4 

[0105] In the same manner as in Example 1 except that (1 R,2S)-2-amino-1 ,2-diphenylethanol (0.213 g, 1 mmol) was 
used in place of (1S,2R)-(+)-norephedrine, the reactions were performed. 

[0106] The conversion was 100 %, and the obtained optically active a-phenethyl alcohol consisted of 6.4 % of the 
55 (R)- isomer and 93.6 % of the (S)-isomer. 
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Example 5 

[0107] In the same manner as in Example 1 except that (S)-a,a-diphenyl-2-pyrrolidinemethanol (0.253 g, 1 mmol) 
was used in place of (1S,2R)-(+)-norephedrine, the reactions were performed. 
s [0108] The conversion was 1 00 %, and the obtained optically active cc-phenethyl alcohol consisted of 3.2 % of the 
(R)- isomer and 96.8 % of the (S)-isomer. 

Example 6 

10 [0109] Under a nitrogen atmosphere, sodium borohydride (0.378 g, 10 mmol) was suspended in a solution of (1 S, 
2R)-(+)-norephedrine (0.1 51 2 g, 1 mmol) in dioxane (1 0 ml). To the suspension, a mixture of 1 00 % sulfuric acid (0.098 
g, 1 mmol) and dioxane (1 ml) was added over 10 minutes, followed by stirring at 75 to 80°C for 1 hour to obtain a 
mixture of a borane compound and sodium borohydride. 

[01 10] To this mixture, a mixture of 1 00% sulfuric acid (0.392 g, 4 mmol), phenacyl chloride (1 .546 g, 1 0 mmol) and 
15 dioxane (5 ml) was dropwise added over 1 5 minutes at the same temperature, and then stirred for 30 minutes at the 
same temperature. 

[0111] After cooling to room temperature, the 1 0 % hydrochloric acid (10 ml) was added, and then the mixture was 
extracted with toluene (each 20 ml) twice. The organic layer was washed with water (each 30 ml) twice to obtain a 
solution of optically active 2-chloro-1 -phenylethanol in toluene. 
20 [01 12] The conversion was 100 %, and the obtained optically active 2-chloro-1 -phenylethanol consisted of 87.3 % 
of the (R)-isomer and 12.7 % of the (S)-isomer. 

Example 7 

25 [0113] In the same manner as In Example 6 except that (1S,2R)-2-amino-1-(2,5-dimethoxyphenyl)-1 -propanol (1 
mmol) was used in place of (1S t 2R)-(+)-norephedrine, the reactions were performed. 

[0114] The conversion was 100 %, and the obtained optically active 2-chloro-1 -phenylethanol consisted of 84.6 % 
of the (R)-isomer and 15.4 % of the (S)-isomer. 

30 Example 8 

[0115] In the same manner as in Example 6 except that (1S,2R)-2-amino-1-(2,5-dimethylphenyl)-1 -propanol (1 
mmol) was used in place of (IS^RH+J-norephedrine, the reactions were performed. 

[0116] The conversion was 100 %, and the obtained optically active 2-chloro-1 -phenylethanol consisted of 82.7 % 
35 of the (R)-isomer and 1 7.3 % of the (S)-isomer. 

Example 9 

[0117] In the same manner as in Example 6 except that (1S,2R)-1 ,2-diphenyl-2-aminoethanol (1 mmol) was used 
40 in place of (1 S,2R)-(+)-norephedrine, the reactions were performed. 

[0118] The conversion was 100 %, and the obtained optically active 2-chloro-1 -phenylethanol consisted of 84.5 % 
of the (R)-isomer and 15.5 % of the (S)-isomer. 

Example 1 0 

45 

[0119] In the same manner as in Example 6 except that propiophenone was used in place of phenacyl chloride, 98 
% sulfuric acid was used in place of 1 00 % sulfuric acid, and the mixture of the 98 % sulfuric acid (4 mmol), propiophe- 
none (10 mmol) and dioxane (5 ml) was dropwise added over 30 minutes, the reactions were performed. 
[0120] The conversion was 100 %, and the obtained optically active 2-chloro-1-phenylpropanol consisted of 19 % 
so of the (R)-isomer and 81 % of the (S)-isomer. 

Example 1 1 

[0121] Under a nitrogen atmosphere, a solution of 1 M boranetetrahydrofuran complex (2 ml, 2 mmol) in tetrahydro- 
55 furan was added to a solution of (1S, 2 R)- (^-norephedrine (0.1512 g, 1 mmol) in dioxane (8 ml) at 10 to 12°C, followed 
by stirring at 75 to 80°C for 1 hour to obtain a borane compound. 

[0122] In the borane compound solution, sodium borohydride (0.303 g, 8 mmol) was suspended at 45 to 50°C, and 
then, to the suspension, a mixture of 98 % sulfuric acid (0.4 g, 4 mmol), propiophenone (1 .342 g, 1 0 mmol) and dioxane 
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(5 ml) was added over 35 minutes, followed by stirring at the same temperature for 30 minutes. Thereafter, the reaction 
mixture was post-treated in the same manner as in Example 6. 

[0123] The conversion was 99.9 %, and the obtained optically active 1-phenylpropanol consisted of 1 8.3 % of the 
(R)-isomer and 81 .7 % of the (S)-isomer. 



[0124] Under a nitrogen atmosphere, sodium borohydride (0.0908 g, 2.4 mmol) was suspended in a solution of (R)- 
(-)-phenylglycinol (0.0274 g t 0.2 mmol) in tetrahydrofuran (10 ml). To the suspension, a solution of iodine (0.203 g, 0.8 
10 mmol) in tetrahydrofuran (1 ml) was added over about 1 0 minutes, followed by stirring at 65°C for 1 .75 hours to obtain 
a mixture of a borane compound and sodium borohydride. 

[0125] To this mixture, a mixture of iodine (0.203 g, 0.8 mmol), acetophenone (0.24 g, 2 mmol) and tetrahydrofuran 
(1 ml) was dropwise added over 25 minutes, and stirred for 30 minutes at the same temperature. 
[0126] After cooling to room temperature, the 1 0 % hydrochloric acid (1 0 ml) was added, and then the mixture was 
*5 extracted with toluene (each 20 ml) twice. The organic layer was washed with water (each 20 ml) twice to obtain a 
solution of optically active a-phenethyl alcohol in toluene. 

[0127] The conversion was above 99.9 %, and the obtained optically active a-phenethyl alcohol consisted of 94.4 
% of the (R)-isomer and 5.6 % of the (S)-isomer. 

20 Example 13 

[01 28] In the same manner as in Example 1 3 except that (1 S,2R)-(+)-norephedrine (0.2 mmol) was used in place of 
(R)-(-)-phenylglycinol, the reactions were performed. 

[0129] The conversion was above 99.9 %, and the obtained optically active a-phenethyl alcohol consisted of 89.4 
25 % of the (R)-isomer and 1 0.6 % of the (S)-isomer. 

Comparative Example 1 

[0130] In the same manner as in Example 10 except that a mixture of 98 % sulfuric acid (4 mmol) and dioxane (4 
30 ml) was dropwise added over 10 minutes in place of dropwise addition of the mixture of 98 % sulfuric acid (4 mmol), 
propiophenone (10 mmol) and dioxane (5 ml) over 30 minutes, and the mixture of propiophenone (10 mmol) and 
dioxane (2 ml) was dropwise added over 10 minutes, and thereafter the mixture was stirred for 1 .5 hours, the reactions 
were performed. 

[01 31] The conversion was 2.7 %, and the obtained optically active 1 -phenylpropanol consisted of 40.4 % of the (R)- 
35 isomer and 59.6 % of the (S)-isomer. 



[0132] Under a nitrogen atmosphere, sodium borohydride (0.167 g, 4.4 mmol) was suspended in a solution of (R)- 
40 5,5-diphenyl-2-methyl-3,4-propano-1,3,2-oxazaborolidine (0.1224 g, 0.44 mmol) in dioxane (5 ml) (manufactured by 
Aldrich). To the suspension, a mixture of 98 % sulfuric acid (0.221 g, 2.2 mmol), propiophenone (0.651 g, 4.9 mmol) 
and dioxane (2.5 ml) was added over 30 minutes at 75 to 80°C, followed by stirring at the same temperature for 30 
minutes. 

[0133] After the above reaction, the 10 % hydrochloric acid (8 ml) was added, and then the mixture was extracted 
45 with toluene (each 15 ml) twice. The organic layer was washed with water (each 20 ml) twice, and analyzed by gas 
chromatography to find that the conversion was 99.9 %. The washed organic layer was also analyzed by high per- 
formance liquid chromatography (HPLC) using an optically active column to find that obtained optically active 1 -phenyl- 
1-propanol consisted of 11 .3 % of the (R)- isomer and 88.7 % of the (S)-isomer. 

50 Comparative Example 2 

[0134] In the same manner as in Example 1 4 except that the mixture of 98 % sulfuric acid (2.2 mmol) and dioxane 
(1 .5 ml) was dropwise added over 20 minutes instead of the dropwise addition of the mixture of 98 % sulfuric acid (2.2 
mmol), propiophenone (4.9 mmol) and dioxane (2.5 ml) over 30 minutes, and then the solution of propiophenone (4.9 
55 mmol) in dioxane (1 .5 ml) was dropwise added over 1 0 minutes, the reactions were performed. 

[0135] The conversion was 2.6 %, and the obtained optically active 1 -phenylpropanol consisted of 48.2 % of the (R)- 
isomer and 51 . 8 % of the (S)-isomer. 
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Example 15 

[0136] Under a nitrogen atmosphere, sodium borohydride (0.38 g, 10 mmol) was suspended in a solution of (1S,. 
2R)-norephedrine (0.68 g, 4.5 mmol) in a mixed solvent of toluene and tetrahydrofuran (volume ratio = 1 :1) (1 0 ml) at 
5 room temperature. To the suspension, a solution of 1 00 % sulfuric acid (0.245 g, 2.5 mmol) in a mixed solvent of toluene 
and tetrahydrofuran (volume ratio = 1 :1) (2.5 ml) was added over 20 minutes at room temperature, followed by stirring 
at 70 to 75°C for 1 hour to obtain a mixture of a borane compound and sodium borohydride. 

[0137] To this mixture, a solution of 1 00 % sulfuric acid (0.245 g, 2.5 mmol) and anti-2\4'-dichloroacetophenone(0- 
methyl)oxime (1.09 g, 5 mmol) in a mixed solvent of toluene and tetrahydrofuran (volume ratio = 1:1) (2.5 ml) was 
10 dropwise added over 30 minutes at 45 to 50°C, and stirred for 1 4 hours at the same temperature and then for 8 hours 
at75to80°C. 

[0138] After cooling to room temperature, the 10 % hydrochloric acid (10 ml) was added, and then the mixture was 
made alkaline by the addition of a 20 % aqueous solution of sodium hydroxide. Then, the mixture was extracted with 
toluene (each 15 ml) twice, and the organic layer was washed with water (each 15 ml) twice to obtain a solution of 
15 optically active a-2\4'-dichlorophenylethylamine in toluene. 

[01 39] The conversion was 96.7 %, and the obtained product contained 85.5 % of a-2\4Mdichlorophenylethylamine 
and 1 4.5 % of N-methoxy-a-2\4'-dichlorophenylethylamine. The optically active a-2\4'-dichiorophenylethylamine con- 
sisted of 93 % of the (R)-isomer and 7 % of the (S)-isomer. 

20 Example 1 6 

[01 40] Under a nitrogen atmosphere, sodium borohydride (1 .665 g, 0.044 mol) was suspended in a solution of (1 S, 
2R)-norephedrine (6.05 g, 0.04 mol) in tetrahydrofuran (50 ml), and cooled to 10°C. To the suspension, a solution of 
100 % sulfuric acid (2.157 g, 0.022 mol) in tetrahydrofuran (50 ml) was added over 40 minutes at 1 0 to 15°C. Toluene 

25 (50 ml) was added and then the mixture was stirred at 70 to 75°C for 1 hour to obtain a borane compound. 

[0141] To this mixture which was cooled to 45°C, sodium borohydride (2.118 g, 0.056 g) was added and then a 
solution of 100 % sulfuric acid (2.754 g, 0.028 ml) and anti-^'-dichloroacetophenonefO-methyOoxime (1 0.9 g, 0.05 
mol) in a mixed solvent of toluene and tetrahydrofuran (volume ratio = 1 :1) (30 ml) was dropwise added over 40 minutes 
at 45 to 50°C, and stirred for 3 hours at the same temperature and then for 8 hours at 75 to 80°C. Thereafter, cobalt 

30 chloride (0.0325 g) was added, and the mixture was further stirred for 3 hours at the same temperature. 

[0142] After cooling to room temperature, the 10 % hydrochloric acid (40 ml) was added, and then the mixture was 
made alkaline by the addition of a 20 % aqueous solution of sodium hydroxide. Then, the mixture was extracted with 
toluene (each 40 ml) twice, and the organic layer was washed with water (each 40 ml) twice to obtain a solution of 
optically active a^'^'-dichlorophenylethylamine in toluene. 

35 [0143] The conversion was 98.3 %, and the obtained product contained 99.8 % of a-2\4'-dichlorophenylethylamine 
and 0.2 % of N-methoxy-a-2\4'-dichlorophenylethylamine. The optically active a-2',4'-dichlorophenylethylamine con- 
sisted of 90.7 % of the (R)-isomer and 9.3 % of the (S)-isomer. 

Example 17 

40 

[0144] In the same manner as in Example 15 except that (1S,2R)-2-amino-1 ,2-diphenylethanol (0.96 g, 4.5 mmol) 
was used in place of (1S,2R)-norephedrine, the reactions were performed. 

[0145] The conversion was above 99.9 %, and the obtained product contained 96.4 % of the amine compound and 
3.6 % of the N-methoxy derivative. The optically active compound consisted of 85.4 % of the (R)-isomer and 14.6 % 
45 of the (S)-isomer. 

Example 1 8 

[0146] In the same manner as in Example 15 except that (1S,2R)-2-amino-1-(2,5-dimethoxyphenyl)propanol (0.89 
50 g, 4.5 mmol) was used in place of (1S,2R)-norephedrine, the reactions were performed. 

[0147] The conversion was 97.2 %, and the obtained product contained 96.6 % of the amine compound and 3.4 % 
of the N-methoxy derivative. The optically active compound consisted of 86.5 % of the (R)-isomer and 13.5 % of the 
(S)-lsomer. 

55 Example 19 

[0148] In the same manner as in Example 1 5 except that (1 S,2R)-2-amino-1 -(2,5-dimethylphenyl)propanol (0.81 g, 
4.5 mmol) was used in place of (1 S,2R)(1S,2R)-norephedrine, the reactions were performed. 
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[0149] The conversion was 96.3 %, and the obtained product contained 96.8 % of the amine compound and 3.2 % 
of the N-methoxy derivative. The optically active compound consisted of 81 .9 % of the (R)-isomer and 18.1 % of the 
(S)-isomer. 

5 Example 20 

[01 50] Under a nitrogen atmosphere, a solution of 1 M boranetetrahydrofuran complex (4.5 ml, 4.5 mmol) was added 
to a solution of (1 S,2R)-norephedrine (0.605 g, 4 mmol) in tetrahydrof uran (0.51 0 ml) and toluene (5 ml) at 1 0 to 1 5°C, 
followed by stirring at 75 to 80°C for 1 hour to obtain a borane compound. 

10 [0151] After cooling to room temperature, sodium borohydride (0.208 g, 5.5 mol) was added, and then a solution of 
100 % sulfuric acid (0.27 g, 2.75 mmol) and anti-2\4'-dichloroacetophenone(0-methyl)oxime (1.09 g, 5 mmol) in a 
mixed solvent of toluene and tetrahydrof uran (volume ratio = 1 :1) (5 ml) was dropwise added over 30 minutes at 45 to 
50°C, followed by stirring at the same temperature for 14.5 hours, and then at 75 to 80°C for 10 hours. 
[0152] Thereafter, the reaction mixture was post-treated and analyzed in the same manner as in Example 15. 

is [0153] The conversion was 83.7 %, and the obtained product contained 81 .3 % of the amine compound and 1 8.7 % 
of the N-methoxy derivative. The optically active compound consisted of 92.8 % of the (R)-isomer and 7.2 % of the 
(S)-isomer. 

Example 21 

20 

[0154] Under a nitrogen atmosphere, sodium borohydride (0.076 g, 2 mmol) was suspended in a solution of (1S, 
2R)-norephedrine (0.121 g, 0.8 mmol) in a mixed solvent of toluene and tetrahydrof uran (volume ratio = 1:1) (2 ml). 
To the suspension, a solution of 98 % sulfuric acid (0.045 g, 0.45 mmol) in a mixed solvent of toluene and tetrahydrof uran 
(volume ratio = 1:1) (0.45 ml) was added over 10 minutes at 15 to 20°C, followed by stirring at 75 to 80°C for 1 hour 

25 to obtain a mixture of a borane compound and sodium borohydride. 

[0155] To this mixture, a solution of 98 % sulfuric acid (0.055 g, 0.55 mmol) and p-tolylmethyl phenyl ketone(0- 
methyl)oxime (a ratio of anti-form to syn-form = 93.5:6.5) (0.239 g, 1 mmol) in a mixed solvent of toluene and tetrahy- 
drof uran (volume ratio = 1:1) (0.55 ml) was dropwise added over 20 minutes at 45 to 50°C, and stirred for 1 9.5 hours 
at the same temperature and then for 1 0 hours at 75 to 80°C. 

30 [0156] Thereafter, the reaction mixture was post-treated and analyzed in the same manner as in Example 15. 

[0157] The conversion was 90.8 %, and the obtained product contained 95.6 % of 2-(p-tolyl)-1 -phenylethylamine 
and 4.4 % of N-methoxy-2-(p-tolyl)-1 -phenylethylamine. The optically active 2-(p-tolyl)-1 -phenylethylamine consisted 
of 88.9 % of the (R)-isomer and 11.1 % of the (S)-isomer. 

35 Example 22 

[0158] Under a nitrogen atmosphere, sodium borohydride (0.32 g, 8.5 mmol) was suspended in a solution of (R)- 
2-amino-1 ,1 ,3-triphenyl-1-propanol (0.68 g, 2.0 mmol) in a mixed solvent of toluene and tetrahydrof uran (volume ratio 
= 1:1) (10 ml). To the suspension which was cooled to 10°C, a solution of 100 % sulfuric acid (0.07 g, 0.75 mmol) in 

40 a mixed solvent of toluene and tetrahydrofuran (volume ratio = 1:1) (1 ml) was added over 30 minutes at 10 to 1 5°C, 
followed by stirring at 45 to 50°C for 1 hour to obtain a mixture of a borane compound and sodium borohydride. 
[0159] To this mixture, a solution of 100 % sulfuric acid (0.34 g, 3.5 mmol) and anti-2\4'-dichloroacetophenone(0- 
methyl)oxime (1.09 g, 5 mmol) in a mixed solvent of toluene and tetrahydrofuran (volume ratio = 1:1) (2.0 ml) was 
dropwise added over 30 minutes at 45 to 50°C, and stirred for 5 hours at the same temperature and then for 14 hours 

45 at75to80°C. 

[0160] After cooling to room temperature, the 10 % hydrochloric acid (1 0 ml) was added, and then the mixture was 
made alkaline by the addition of a 20 % aqueous solution of sodium hydroxide. Then, the mixture was extracted with 
toluene (each 15 ml) twice, and the organic layer was washed with water (each 15 ml) twice. 

[0161] The conversion was 100 %, and the product contained 99.9 % of a-2\4'-dichlorophenylethylamine and 0.1 
50 % of N-methoxy-a^'^'-dichlorophenylethylamine. 

[0162] The optically active a-Z.^-dichlorophenylethylamine consisted of 97.1 % of the (R)-isomer and 2.9 % of the 
(S)-isomer. 

Example 23 

55 

[0163] In the same manner as in Example 22 except that (S)-2-amino-3-methyl-1 ,1 -diphenyl-1-butanol (0.38 g, 1 .5 

mmol) was used in place of (R)-2-amino-1 ,1,3-triphenyl-1-propanol, the reactions were performed. 

[0164] The conversion was 97.9 %, and the obtained product contained 93.7 % of the amine compound and 6.3 % 
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of the N-methoxy derivative. The optically active compound consisted of 97.0 % of the (S)-isomer and 3.0 % of the 
(R)- isomer. 

Example 24 

5 

[0165] in the same manner as in Example 22 except that (S)-2-amino-4-methyl-1 -pentanol (0.1 7 g, 1 .5 mmol) was 
used in place of (R)-2-amino-1 ,1 ,3-triphenyl-1-propanol, the reactions were performed. 

[0166] The conversion was 97.2 %, and the obtained product contained 93.1 % of the amine compound and 6.9 % 
of the N-methoxy derivative. The optically active compound consisted of 90.5 % of the (S)-isomer and 9.5 % of the 
10 (R)-isomer. 

Example 25 

[0167] in the same manner as in Example 22 except that (S)-2-amino-3-methyl-1-butanol (0.16 g, 1.5 mmol) was 
15 used in place of (R)-2-amino-1 ,1 ,3-triphenyl-1 -propanol, the reactions were performed. 

[0168] The conversion was 97.6 %, and the obtained product contained 86.2 % of the amine compound and 13.8 % 
of the N-methoxy derivative. The optically active compound consisted of 89.4 % of the (S)-isomer and 1 0.6 % of the 
(R)-isomer. 

20 Example 26 

[0169] Under a nitrogen atmosphere, sodium borohydride (0.32 g, 8.5 mmol) was suspended in a solution of (R)- 
2-amino-1 ,1-diphenyl-1 -propanol (0.45 g, 2.0 mmol) in a mixed solvent of toluene and tetrahydrofuran (volume ratio = 
1:1) (10 ml). To the suspension which was cooled to 10°C, a solution of 100 % sulfuric acid (0.07 g, 0.75 mmol) in a 

25 mixed solvent of toluene and tetrahydrofuran (volume ratio = 1:1) (1 ml) was added over 30 minutes at 10 to 15°C, 
followed by stirring at 45 to 50°C for 1 hour to obtain a mixture of a borane compound and sodium borohydride. 
[0170] To this mixture, a solution of 100 % sulfuric acid (0.34 g, 3.5 mmol) and anti-2\4'-dichloroacetophenone(0- 
methyl)oxime (1.09 g, 5 mmol) in a mixed solvent of toluene and tetrahydrofuran (volume ratio = 1:1) (2.0 ml) was 
dropwise added over 30 minutes at 45 to 50°C, and stirred for 5 hours at the same temperature and then for 14 hours 

30 at 75 to 80°C. 

[0171] After cooling to room temperature, the 1 0 % hydrochloric acid (10 ml) was added, and then the mixture was 
made alkaline by the addition of a 20 % aqueous solution of sodium hydroxide. Then, the mixture was extracted with 
toluene (each 15 ml) twice, and the organic layer was washed with water (each 15 ml) twice. 

[0172] The conversion was 100 %, and the product contained 99.9 % of the amine compound and 0.1 % of the N- 
35 methoxy derivative. 

[0173] The optically active amine compound consisted of 97.1 % of the (R)-isomer and 2.9 % of the (S)- isomer. 
Example 27 

40 [0174] Under a nitrogen atmosphere, sodium borohydride (0.378 g p 1 0.0 mmol) was suspended in a solution of (R)- 
2-amino-1 ,1-diphenyl-1 -propanol (0.909 g, 4.0 mmol) in tetrahydrofuran (10 ml). To the suspension which was cooled 
to 10°C, a solution of 100 % sulfuric acid (0.22 g, 2.25 mmol) in tetrahydrofuran (1 ml) was added over 30 minutes at 
10 to 15°C, followed by stirring at 45 to 50°C for 1 hour to obtain a mixture of a borane compound and sodium boro- 
hydride. 

45 [0175] To this mixture, toluene (5 ml) was dropwise added over 30 minutes at the same temperature, and then a 
solution of 100 % sulfuric acid (0.27 g, 2.75 mmol) and 3'-methoxyacetophenone(0-methyl)oxime (a ratio of anti-form 
to syn-form = 98.4:1 .6) (0.896 g, 5 mmol) in a mixed solvent of toluene and tetrahydrofuran (volume ratio = 2:1) (3.0 
ml) was dropwise added over 45 minutes, and stirred for 19.5 hours at the same temperature and then for 7.5 hours 
at 75 to 80°C. 

50 [0176] After cooling to room temperature, the 1 0 % hydrochloric acid (1 0 ml) was added, and then the mixture was 
made alkaline by the addition of a 23 % aqueous solution of sodium hydroxide. Then, the mixture was extracted with 
n-hexane (each 15 ml) twice, and the organic layer was washed with water (each 15 ml) twice. 
[0177] The conversion was 99.9 %, and the product contained 99.9 % of a-3'-methoxyphenylethylamine and 0.1 % 
of N-methoxy-a-3'-methoxyphenylethylamine. 

55 [0178] The optically active a-3'-methoxyphenylethylamine consisted of 95.9 % of the (R)-isomer and 4.1 % of the 
(S)-isomer. 
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Example 28 

[0179] In the same manner as in Example 27 except that (1 S,2R)-2-amino-1 -phenyl-1 -propanol (0.605 g, 4.0 mmol) 
was used in place of (R)-2-amino-1 ,1-diphenyl-1 -propanol, the reactions were performed. 

[0180] The conversion was 99.3 %, and the obtained product contained 89.0 % of the amine compound and 11 .0 % 
of the N-methoxy derivative. The optically active compound consisted of 92.7 % of the (R)-isomer and 7.3 % of the 
(S)-isomer. 

Example 29 

[0181] In the same manner as in Example 27 except that (R)-2-amino-2-phenylethanol (0.605 g, 4.0 mmol) was used 
in place of (R)-2-amino-1,1-diphenyl-1 -propanol, the reactions were performed. 

[0182] The conversion was 95.3 %, and the obtained product contained 98.6 % of the amine compound and 1 .4 % 
of the N-methoxy derivative. The optically active compound consisted of 89.1 % of the (R)-isomer and 10.9 % of the 
(S)- isomer. 

Example 30 

[0183] Under a nitrogen atmosphere, sodium borohydride (0.121 g, 3.2 mmol) was suspended in a solution of (R)- 
5,5-diphenyl-2-methyl-3,4-propano-1,3,2-oxazaborolidine (0.333 g, 1.2 mmol) in a mixed solvent of toluene and tet- 
rahydrofuran (volume ratio of 1 :1 ) (5 ml) (manufactured by Aldrich). To the suspension, a solution of 98 % sulfuric acid 
(0.16 g, 1.6 mmol) and anti-phenyl p-tolyl ketone(0-methyl)oxime (ratio of anti-form to syn-form = 93.5:6.5) (0.383 g, 
1 .6 mmol) in a mixed solvent of toluene and tetrahydrofuran (volume ratio of 1 :1) (3 ml) was added over 30 minutes 
at 45 to 50°C, followed by stirring at the same temperature for 4 hours, and then at 75 to 80°C for 24 hours. 
[0184] After the above reaction, the 10 % hydrochloric acid (8 ml) was added, and then the mixture was extracted 
with toluene (each 10 ml) twice. The organic layer was washed with water (each 15 ml) twice to obtain a solution of 
(R)-1-phenyl-2-(p-tofyl)ethylamine in toluene. 

[01 85] The product was analyzed by gas chromatography to find that the conversion was 69.8 % and the selectivity 
was 90.1 %. The product was also analyzed by high performance liquid chromatography (HPLC) using an optically 
active column to find that obtained the optical purity was 51 %(R). 

Comparative Example 1 

[0186] In the same manner as in Example 30 except that a solution of 98 % sulfuric acid (1.6 mmol) in a mixed 
solvent of toluene and tetrahydrofuran (volume ratio of 1 :1 ) (3 ml) was dropwise added over 30 minutes instead of the 
dropwise addition of the solution of 98 % sulfuric acid (1 .6 mmol) and anti-phenyl p-tolyl ketone(0-methyl)oxime (1 .6 
mmol) in a mixed solvent of toluene and tetrahydrofuran (volume ratio of 1:1) (1 ml), the reactions were performed. 
[0187] The conversion was 50.9 %, the selectivity was 76.5 %, and the optical purity was 47.4 %(R). 



Claims 

1. A process for preparing an optically active alcohol comprising reacting a prochiral ketone corresponding to the 
optically active alcohol and an acid with a mixture which comprises 

(1) a boron-containing compound selected from the group consisting of 

i) a borane compound which is obtained from an optically active p-aminoalcohol of the formula (I): 



(i) 



R3 R4 

I I 

R2-C — C*-R5 
I I 
OH NHR1 
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wherein R 1 is a hydrogen atom, a lower alkyl group or an aralkyl group which may have at least one 
substituent, R 2 , R 3 , R 4 and R 5 represent independently each other a hydrogen atom, a lower alkyl group, 
an aryl group which may have at least one substituent, or an aralkyl group which may have a substituent, 
provided that R 4 and R 5 are different, that R 1 and R 5 may together form a lower alkylene group, or that 
R 3 and R 4 may together form a lower alkylene group which may have optionally a substituent or with which 
a benzene ring is condensed, and * stands for an asymmetric carbon atom, and a boron hydride; or ob- 
tained from said optically active p-aminoalcohol (I), a metal borohydride and an acid wherein the amount 
of the optically active p-aminoalcohol (I) is from 0.005 to 0.5 mole per one mole of the prochiral ketone, and 
ii) an optically active oxazaborolidine of the formula (II): 



R 3 R 4 

R 2 -M-* 5 

a ,n-r i 

B 
R* 

wherein R 1 , R 2 , R 3 , R 4 R 5 and * are the same as defined above, and R 6 is a hydrogen atom, a halogen 
atom, an alkyl group which may be substituted by at least one halogen atom, an aryl group which may 
have at least one substituent or an aralkyl group which may have at least one substituent, 

and 

(2) a metal borohydride. 

The process according to claim 1 , wherein a mixture of said prochiral ketone and said acid is reacted with said 
mixture of the borane compound and the metal borohydride. 

The process according to claim 1 , wherein said prochiral ketone and said acid are added to said mixture of the 
borane compound and the metal borohydride separately. 

The process according to any of claims 1 to 3, wherein an amount of said optically active p-aminoalcohol (I) in the 
mixture of the borane compound and the metal borohydride is from 0.01 to 0.5 mole per one mole of said prochiral 
ketone. 

The process according to any of claims 1 to 4, wherein an amount of said metal borohydride in the mixture of the 
borane compound and the metal borohydride is from 0.3 to 3 moles per one mole of said prochiral ketone. 

The process according to any of claims 1 to 5, wherein said prochiral ketone is a ketone of the formula: 

R 7 -CO-R 8 (VII) 

wherein R 7 and R 8 are different and represent an alkyl group which may have an substituent, an aryl group which 
may have a substituent, or an aralkyl group which may have a substituent, or R 7 and R 8 form, together with a 
carbon atom of the carbonyl group, a ring or condensed ring having optionally a hetero atom, and the optically 
active alcohol prepared is an optically active alcohol of the formula (VIII): 

R 7 -C*H(OH)-R 8 (VIII) 

wherein R 7 and R 8 are the same as defined above, and * stands for an asymmetric carbon atom 

The process according to claim 6, wherein R 7 and R 8 are groups selected from the group consisting of an alkyl 
group which may have an substituent and an aryl group which may have a substituent. 



(ii) 
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8. The process according to claim 7, wherein R 7 and R 8 are groups selected from the group consisting of alkyl groups, 
halogenated alkyl groups, aryl groups, haloaryl groups, alkoxyalkyl-substituted aryl groups and aralkyl oxy-substi- 
tuted aryl groups. 

s 9. The process according to any of claims 1 to 8, wherein said acid to be used together with said prochiral ketone is 
at least one acid selected from the group consisting of Bransted acids and Lewis acids. 

10. The process according to claim 1 , wherein a mixture of said prochiral ketone and said acid is reacted with said 
mixture of the opticaily active oxazaborolidine and the metal borohydride. 

10 

11. The process according to claim 1 , wherein said prochiral ketone and said acid are added to said mixture of the 
optically active oxazaborolidine and the metal borohydride separately. 

12. A process for preparing an optically active amine of the formula (III): 

15 

R7 

\ 

20 C*H-NH 2 

/ 

R8 

25 wherein R 7 and R 8 are different and represent an alkyl group which may have at least one substituent, an aryl 

group which may have at least one substituent or an aralkyl group which may have at least one substituent, or R 7 
and R 8 form, together with the carbon atom bonded to the amino group, a ring or condensed ring which may have 
a hetero atom, and * is the same as defined above comprising reacting an oxime derivative of the formula (IV): 

R7 

\ 

C=N-OR9 (IV) 
/ 

R8 

wherein R 7 and R 8 are the same as defined above, and R 9 is an alkyl group, an aralkyl group or an alkyl-substituted 
silyl group and an acid with a mixture which comprises 
40 (1) a boron-containing compound selected from the group consisting of 

i) a borane compound which is obtained from an optically active p-aminoalcohol of the formula (I) as defined 
in claim 1 and a boron hydride, or obtained from said optically active p-aminoalcohol (I), a metal borohydride 
and an acid wherein the amount of the optically active p-aminoalcohol (I) is from 0.01 to 0.9 mole per one 

45 rnole of the oxime derivative (IV), and 

ii) an optically active oxazaborolidine of the formula (II) as defined in claim 1 and (2) a metal borohydride. 

13. The process according to claim 12, wherein said oxime derivative (IV) is a syn-form, an anti-form or a mixture 
thereof which is rich in one of them. 

so 

14. The process according to claim 12, wherein a mixure of said oxime derivative and said acid is reacted with said 
mixture of the borane compound and the metal borohydride. 

15. The process according to claim 12, wherein said oxime derivative and said acid are added to said mixture of the 
ss borane compound and the metal borohydride separately. 

16. The process according to claim 12, wherein a mixture of said oxime derivative and said acid is reacted with said 
mixture of the optically active oxazaborolidine and the metal borohydride. 



(in) 



30 



35 
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17. The process according to claim 12, wherein said oxime derivative and said acid are added to said mixture of the 
optically active oxazaborolidine and the metal borohydride separately. 

18. The process according to any of claims 12 to 1 7, wherein R 7 and R 8 are groups selected from the group consisting 
5 of an alkyl group which may have an substituent and an aryl group which may have a substituent. 

19. The process according to claim 18, wherein R 7 and R 8 are groups selected from the group consisting of alkyl 
groups, halogenated alkyl groups, aryl groups, haloaryl groups, alkoxyalky I -substituted aryl groups and aralkyloxy- 
substituted aryl groups. 

10 

20. The process according to any of claims 1 2 to 19, wherein said acid to be used together with said oxime derivative 
(IV) is at least one acid selected from the group consisting of Bransted acids and Lewis acids. 

15 Pate ntan sprue he 

1. Verfahren zur Herstellung eines optisch aktiven Alkohols, umfassend das Umsetzen eines prochiralen Ketons, 
entsprechend dem optisch aktiven Alkohol, und einer Saure mit einem Gemisch, umfassend: 

20 (1) eine bomaltige Verbindung, ausgewahlt aus der Gruppe bestehend aus 

i) einer Boranverbindung, die aus einem optisch aktiven p-Aminoalkohol der Formel (I): 



R 3 R 4 



25 

r r 

R 2 -<j: — <j:*-R5 (i) 

so OH NHR 1 



in der R 1 ein Wasserstoffatom, eine Niederalkylgruppe oder eine Aralkylgruppe ist, die mindestens einen 
Substituenten haben kann, R 2 , R 3 , R 4 und R 5 unabhangig voneinander ein Wasserstoffatom, eine Nie- 

35 deralkylgruppe, eine Aryigruppe, die mindestens einen Substituenten haben kann, oder eine Aralkylgrup- 

pe, die einen Substituenten haben kann, darstellen, mit der MaBgabe, dass wenn R 4 und R 5 verschieden 
sind, R 1 und R 5 zusammen eine Niederalkylengruppe bilden konnen oder dass R 3 und R 4 zusammen 
eine Niederalkylengruppe bilden konnen, die gegebenenfails einen Substituenten haben kann oder an 
die ein Benzolring kondensiert ist, und * fur ein asymmetrisches Kohlenstoffatom stent, und einem Bor- 

40 hydrid erhalten wird; oder die aus dem optisch aktiven p-Aminoalkohol (I), einem Metallboranat und einer 

Saure erhalten wird, wobei die Menge des optisch aktiven p-Aminoalkohols (I) im Bereich von 0,005 bis 
0,5 Mol pro einem Mol des prochiralen Ketons liegt, und 
ii) einem optisch aktiven Oxaza-borolidin der Formel (II): 



so 




0D 



55 in der R 1 , R 2 , R 3 , R 4 , R 5 und * die vorstehende Bedeutung haben und R 6 ein Wasserstoffatom, ein Ha- 

logenatom, eine Alkylgruppe, die durch mindestens ein Halogenatom substituiert sein kann, eine Aryi- 
gruppe, die mindestens einen Substituenten haben kann, oder eine Aralkylgruppe, die mindestens einen 
Substituenten haben kann, ist, und 
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(2) ein Metallboranat. 

2. Verfahren nach Patentanspruch 1 , in dem ein Gemisch aus dem prochiralen Keton und der Saure mit dem Gemisch 
aus der Boranverbindung und dem Metallboranat umgesetzt wird. 

5 

3. Verfahren nach Patentanspruch 1 , in dem das prochirale Keton und die Saure dem Gemisch aus der Boranver- 
bindung und dem Metallboranat separat zugefugt werden. 

4. Verfahren nach einem der Patentanspruche 1 bis 3, in dem eine Menge des optisch aktiven p-Aminoalkohols (I) 
10 in dem Gemisch aus der Boranverbindung und dem Metallboranat 0,01 bis 0,5 Mol pro einem Mol des prochiralen 

Ketons betragt. 

5. Verfahren nach einem der Patentanspruche 1 bis 4, in dem eine Menge des Metallboranats in dem Gemisch aus 
der Boranverbindung und dem Metallboranat 0,3 bis 3 Mol pro einem Mol des prochiralen Ketons betragt. 



15 



20 



30 



45 



50 



55 



6. Verfahren nach einem der Patentanspruche 1 bis 5, in dem das prochirale Keton ein Keton derfolgenden Formel ist: 

R 7 -CO-R 8 (VII) 



in der R 7 und R 8 verschieden sind und eine Alkylgruppe, die einen Substituenten haben kann, eine Arylgruppe, 
die einen Substituenten haben kann, oder eine Aralkylgruppe, die einen Substituenten haben kann, darstellen, 
oder R 7 und R 8 zusammen mit einem Kohlenstoffatom der Carbonyigruppe einen Ring oder einen kondensierten 
Ring, der gegebenenfalls ein Heteroatom umfasst, bilden, und der hergestellte optisch aktive Alkohol ein optisch 
25 aktiver Alkohol der Formel (VIM): 

R 7 -C*H(OH)-R 8 (VIII) 



ist, in der R 7 und R 8 die vorstehende Bedeutung haben und * fur ein asymmetrisches Kohlenstoffatom steht. 

7. Verfahren nach Patentanspruch 6, in dem R 7 und R 8 Gruppen sind, ausgewahlt aus der Gruppe bestehend aus 
einer Alkylgruppe, die einen Substituenten haben kann, und einer Arylgruppe, die einen Substituenten haben kann. 

8. Verfahren nach Patentanspruch 7, in dem R 7 und R 8 Gruppen sind, ausgewahlt aus der Gruppe bestehend aus 
Alkylgruppen, halogenierten Alkylgruppen, Arylgruppen, Halogen-Arylgruppen, alkoxyaikyl-substituierten Aryl- 
gruppen und aralkyloxy-substrtuierten Arylgruppen. 

9. Verfahren nach einem der Patentanspruche 1 bis 8, in dem die mit dem prochiralen Keton zu verwendende Saure 
mindestens eine Saure, ausgewahlt aus der Gruppe bestehend aus Bransted-Sauren und Lewis-Sauren, ist. 

10. Verfahren nach Patentanspruch 1 , in dem ein Gemisch aus dem prochiralen Keton und der Saure mit dem Gemisch 
aus dem optisch aktiven Oxaza-borolidin und dem Metallboranat umgesetzt wird. 

11. Verfahren nach Patentanspruch 1, in dem das prochirale Keton und die Saure dem Gemisch aus dem optisch 
aktiven Oxaza-boroiidin und dem Metallboranat separat zugefugt werden. 

12. Verfahren zur Herstellung eines optisch aktiven Amins der Formel (III): 
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R 7 

C*H-NH 2 (m) 



\ 



/ 



R8 



10 

in der R 7 und R 8 verschieden sind und eine Alkylgruppe, die mindestens einen Substituenten haben kann, eine 
Arylgruppe, die mindestens einen Substituenten haben kann, oder eine Aralkylgruppe, die mindestens einen Sub- 
stituenten haben kann, darstellen, oder R 7 und R 8 zusammen mit dem an die Aminogruppe gebundenen Kohlen- 
stoffatom einen Ring oder einen kondensierten Ring, der ein Heteroatom umfassen kann, bilden, und * die vor- 
15 stehende Bedeutung hat, umfassend das Umsetzen eines Oximderivats der Forme! (IV): 



25 



30 



R 7 

\ 

C=N-OR* (IV) 

R8 



in der R 7 und R 8 die vorstehende Bedeutung haben und R 9 eine Alkylgruppe, eine Aralkylgruppe oder eine durch 
Alkyl substituierte Silylgruppe ist, und einer Saure mit einem Gemisch, umfassend: 

(1) eine bomaltige Verbindung, ausgewahlt aus der Gruppe bestehend aus 



i) einer Boranverbindung, erhalten aus einem optisch aktiven [J-Aminoalkohof der Formel (I), mit der in 
Patentanspruch 1 angegebenen Bedeutung, und einem Borhydrid, oder erhalten aus dem optisch aktiven 
fJ-Aminoalkoho! (I), einem Metallboranat und einer Saure, wobei die Menge des optisch aktiven p-Amino- 
alkohols (I) 0,01 bis 0,9 Mol pro einem Mol des Oximderivats (IV) betragt, und 
35 jj) einem optisch aktiven Oxaza-borolidin der Formel (II) mit der in Patentanspruch 1 angegebenen Be- 

deutung, und 

(2) ein Metallboranat. 

40 13. Verfahren nach Patentanspruch 1 2, in dem das Oximderivat (IV) eine syn-Form, eine anti-Form oder eine Mischung 
davon, die reich an einer von diesen Formen ist, hat. 

14. Verfahren nach Patentanspruch 12, in dem ein Gemisch aus dem Oximderivat und der Saure mit dem Gemisch 
aus der Boranverbindung und dem Metallboranat umgesetzt wird. 

45 

15. Verfahren nach Patentanspruch 1 2, in dem das Oximderivat und die Saure dem Gemisch aus der Boranverbindung 
und dem Metallboranat separat zugefugt werden. 

16. Verfahren nach Patentanspruch 12, in dem ein Gemisch aus dem Oximderivat und der Saure mit dem Gemisch 
50 aus dem optisch aktiven Oxaza-borolidin und dem Metallboranat umgesetzt wird. 

17. Verfahren nach Patentanspruch 12, in dem das Oximderivat und die Saure dem Gemisch aus dem optisch aktiven 
Oxaza-borolidin und dem Metallboranat separat zugefugt werden. 

55 18. Verfahren nach einem der Patentanspruche 12 bis 17, in dem R 7 und R 8 Gruppen sind, ausgewahlt aus der Gruppe 
bestehend aus einer Alkylgruppe, die einen Substituenten haben kann, und einer Arylgruppe, die einen Substitu- 
enten haben kann. 
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19. Verfahren nach Patentanspruch 18, in dem R 7 und R 8 Gruppen sind, ausgewahlt aus der Gruppe bestehend aus 
Alkylgruppen, haiogenierten Alkylgruppen, Arylgruppen, Halogen-Arylgruppen, alkoxyalkyl-substituierten Aryl- 
gruppen und aralkyloxy-substituierten Arylgruppen. 

5 20. Verfahren nach einem der Patentanspruch e 12 bis 19, in dem die zusammen mit dem Oximderivat (IV) zu ver- 
wendende Saure mindestens eine Saure ausgewahlt aus der Gruppe bestehend aus Bransted-Sauren und Lewis- 
Sauren, ist. 

10 Revendications 

1 . Procede pour ia pr6paration d'un alcoo! optiquement actif comprenant la reaction d'une c6tone prochirale corres- 
pondant a I'alcool optiquement actif et d'un acide avec un melange qui comprend 

is (1) un compose contenant du bore choisi parmi 

i) un compost borane qui est obtenu a partir d'un p-aminoalcool optiquement actif de la formule (I): 

20 R3 R4 



R 2 -C C*-R 5 (I) 

25 OH NHR 1 

ou R 1 est un atome d'hydrogene, un groupe alkyle inferieur ou un groupe aralkyle qui peut presenter au 
moins un substituant, R 2 R 3 , R 4 et R 5 representent independamment un atome d'hydrogene, un groupe 
alkyle inferieur, un groupe aryle qui peut presenter au moins un substituant ou un groupe aralkyle qui peut 

30 presenter un substituant, a condition que R 4 et R 5 sont differents, que R 1 et R 5 peuvent former ensemble 

un groupe alkylene inferieur ou que R 3 et R 4 peuvent former ensemble un groupe alkylene inferieur qui 
peut presenter facultativement un substituant ou avec lequel un cycle benzene est condense, et * repre- 
sente un atome de carbone asymetrique, et d'un hydrure de bore ; ou obtenu a partir dudit p-aminoalcool 
optiquement actif (I), d'un borohydrure de metal et d'un acide, dans lequel ia quantite du p-aminoalcool 

35 'optiquement actif (I) est comprise entre 0,005 et 0,5 mol par mole de la cetone prochirale, et 

ii) une oxazaborolidine optiquement active de la formule (II) : 



(id 



45 




ou R 1 , R 2 , R 3 , R 4 , R 5 et * sont identiques a ceux definis ci-dessus et R 6 est un atome d'hydrogene, un 
atome d'halogene, un groupe alkyle qui peut etre substitue par au moins un atome d'halogene, un groupe 
50 aryle qui peut presenter au moins un substituant ou un groupe aralkyle qui peut presenter au moins un 

substituant, et 

(2) un borohydrure de metal. 

55 2. Procede selon la revendication 1 , dans lequel un melange de ladite cetone prochirale et dudit acide reagit avec 
ledit melange du compose borane et du borohydrure de metal. 

3. Procede selon ia revendication 1 , dans lequel ladite cetone prochirale et ledit acide sont ajoutes audit melange 
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du compose borane et du borohydrure de metal separement. 

4. Procede selon i'une quelconque des revendications 1 a 3, dans lequel une quantity dudit p-aminoalcool optique- 
ment actif (I) dans le melange du compose borane et du borohydrure de metal est comprise entre 0,01 et 0,5 mol 
par mole de ladite cetone prochirale. 

5. Procede selon Tune quelconque des revendications 1 a 4, dans lequel une quantite dudit borohydrure de metal 
dans le melange du compose borane et du borohydrure de metal est comprise entre 0,3 et 3 mol par mole de 
ladite cetone prochirale. 

6. Procede selon I'une quelconque des revendications 1 a 5, dans lequel ladite cetone prochirale est une cetone de 
la formufe : 

15 R 7 -CO-R 8 (VII) 

ou R 7 et R 8 sont differents et represented un groupe alkyle qui peut presenter un substituant, un groupe aryle qui 
peut presenter un substituant ou un groupe aralkyle qui presenter un substituant, ou R 7 et R a torment ensemble 
avec un atome de carbone du groupe carbonyle un cycle ou un cycle condense presentant facultativement un 
20 heteroatome et I'alcool optiquement actif prepare est un alcool optiquement actif de la formule (VIII) : 

R 7 -C*H(OH)-R 8 (VIII) 
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ou R 7 et R 8 sont identiques a ceux definis ci-dessus et * represente un atome de carbone asymetrique. 

7. Procede selon la revendication 6, dans lequel R 7 et R 8 sont des groupes choisis parmi un groupe alkyle qui peut 
presenter un substituant et un groupe aryle qui peut presenter un substituant. 

8. Procede selon fa revendication 7, dans lequel R 7 et R 8 sont des groupes choisis parmi des groupes alkyle, des 
groupes alkyle halogenes, des groupes aryle, des groupes haloaryle, des groupes aryle alcoxyalkyle-substitues 
et des groupes aryle aralkyloxy-substitues. 

9. Procede selon I'une quelconque des revendications 1 a 8, dans lequel le dit acide a utiliser avec la dite cetone 
prochirale est au moins un acide choisi parmi les acides de Bransted et les acides de Lewis. 

10. Procede selon la revendication 1, dans lequel un melange de ladite cetone prochirale et dudit acide reagit avec 
ledit melange de Poxazaborolidine optiquement active et du borohydrure de metal. 

11. Procede selon la revendication 1 , dans lequel ladite cetone prochirale et ledit acide sont ajoutes audit melange 
de I'oxazaborolidine optiquement active et du borohydrure de metal separement. 

12. Procede pour la preparation d'une amine optiquement active de la formule (III): 

R 7 



*H-NH 2 (HI) 



R8 



ou R 7 et R 8 sont differents et represented un groupe alkyle qui peut presenter au moins un substituant, un groupe 
aryle qui peut presenter au moins un substituant ou un groupe aralkyle qui peut presenter au moins un substituant, 
ou R 7 et R 8 forment ensemble avec I'atome de carbone lie au groupe amino un cycle ou un cycle condense qui 
peut presenter un heteroatome, et * est identique a celui defini ci-dessus 
comprenant la reaction d*un derive d'oxime de la formule (IV) : 
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R 7 

s 

C=N-OR9 (IV) 

R8 



\ 

r 



ou R 7 et R 8 sont identiques a ceux definis ci-dessus, et R 9 est un groupe alkyle, un groupe aralkyle ou un groupe 
10 silyle alkyfe-substitue et d'un acide avec un melange qui comprend 

(1) un compose contenant du bore choisi parmi 

i) un compose borane qui est obtenu a partir d'un p-aminoalcool optiquement actif de la formule (I) comme 
15 defini dans la revendication 1 et d'un hydrure de bore, ou obtenu a partir dudit p-aminoalcool optiquement 

actif (I), d'un borohydrure de metal et d'un acide, dans lequel la quantite du p-aminoalcool optiquement 
actif (I) est comprise entre 0,01 et 0,9 mol par mole du deriv6 d'oxime (IV), 

ii) une oxazaborolidine optiquement active de la formule (II) comme defini dans la revendication 1 

20 et (2) un borohydrure de metal. 

13. Procede selon la revendication 12, dans lequel ledit deriv6 d'oxime (IV) est une forme syn, une forme anti ou un 
melange de celles-ci qui est riche en Tune d'entre elles. 

25 14. Proced6 selon la revendication 12, dans lequel un melange dudit derive d'oxime et dudit acide reagit avec ledit 
melange du compose borane et du borohydrure de metal. 

15. Proceed selon la revendication 12, dans lequel ledit d6riv6 d'oxime et ledit acide sont ajoutes audit melange du 
compose borane et du borohydrure de metal separement. 

30 

16. Procede selon la revendication 12, dans lequel un melange dudit derive d'oxime et dudit acide reagit avec ledit 
melange de Poxazaborolidine optiquement active et du borohydrure de metal. 

17. Procede selon la revendication 12, dans lequel ledit derive d'oxime et ledit acide sont ajoutes audit melange de 
35 I'oxazaborolidine optiquement active et du borohydrure de metal separement. 

18. Procede selon Tune quelconque des revendications 1 2 a 1 7, dans lequel R 7 et R 8 sont des groupes choisis parmi 
un groupe alkyle qui peut presenter un substituant et un groupe aryle qui peut presenter un substituant. 

40 19. Procede selon la revendication 18, dans lequel R 7 et R 8 sont des groupes choisis parmi des groupes alkyle, des 
groupes alkyle halogenes, des groupes haloaryle, des groupes aryle alcoxyalkyle-substitues et des groupes aryle 
aralkyloxy-substitu^s. 

20. Procede selon Tune quelconque des revendications 12 a 19, dans lequel ledit acide a utiliser avec ledit derive 
45 d'oxime (IV) est au moins un acide choisi parmi les acides de Bronsted et les acides de Lewis. 
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